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SUMMARY 


BACKGROUND 

It  is  well  known  that  operational  support  costs  represent  a  large 
percentage  of  the  total  life  cycle  cost  of  major  weapon  systems.  The 
cost  of  human  resources  (manpower,  personnel,  training,  etc.)  required 
to  provide  operational  ground  support  Is  one  of  the  largest  cost  Items 
associated  with  a  weapon  system.  Operational  support  costs  are,  to  a 
significant  degree,  determined  by  the  operat tonal /support  concepts  and 
performance/design  characteristics  of  the  weapon  system  hardware,  finally, 
most  of  the  system  concept  and  design  decisions  that  significantly  In¬ 
fluence  operational  support  costs  are  made  during  the  early  (conceptual 
and  validation)  program  phases. 

Department  of  Defense  policy  has  Increasingly  emphasized  the  need 
for  developing  ways  to  reduce  the  operational  support  costs  while  main¬ 
taining  adequate  mission  effectiveness  of  weapon  systems.  For  the  past 
10  years  or  so,  the  Air  Force  Human  Resources  Laboratory  (AFHRL)  has  been 
studying  the  relationships  between  human  resources  and  complex  hardware 
systems.  As  a  result,  AFHRL  has  developed  a  baseline  of  human  resources 
technology.  The  objective  of  this  technology  Is  to  enable  a  more  meaning¬ 
ful  Integration  of_.des I gn/devel opment  activities  (which  create  a  demand 
for  human  resources)  and  the  manpower,  personnel  and  training  activities 
which  supply  human  resources.  In  other  words,  this  technology  attempts  to 
make  it  possible  for  manpower,  personnel,  and  training  factors  to  have  an 
Influence  on  the  hardware  design/development  process,  as  well  as  to  be 
influenced  by  It. 

Parallel  with  AFHRL  efforts,  numerous  government  and  non-government 
organizations  have  developed  technologies  Intended  to  assist  In  reducing 
operational  support  costs.  These  technologies  Include  methods  and  models 
for  logistics  support  analyses,  cost  estimations,  and  human  resource 
requirement  predictions  related  to  reliability  and  maintainability  factors. 
In  recent  years,  much  of  this  and  the  AFHRL  technology  has  been  Implemented 
on  various  developmental  programs.  Such  Implementation,  however,  has  been 
limited  primarily  to  the  detailed  design  and  full-scale  development  phase. 
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For  many  yaars  a  large  volume  of  historical  data  (human  resource 
related)  on  current  weapon  systems  has  been  collected  and  processed. 
Historically,  the  primary  use  of  these  data  has  been  to  Improve  the 
Operation  and  Support  (0&S)  capabilities  of  existing  systems,  thus  the 
data  systems  have  been  tailored  to  satisfy  these  objectives. 

PROBLEM 

Regarding  Human  Resources  Data  (HRD) ,  there  Is  a  need  for  a  data 
system  that  will  enable  more  effective  utilization  of  the  historical  data 
base,  data  generating  technology,  and  provide  consistent  and  compatible 
Information  created  for  a  specific  weapon  system  under  development.  HRO 
refers  to  Information  that  provides  Impact  estimates,  or  otherwise  des¬ 
cribes  ground  support  manpower  requirements  for  O&S,  as  a  function  of 
alternative  design  concepts  and  approaches  for  system  hardware  and 
support  concepts. 

The  data  base  specifically  related  to  a  new  weapon  system  development 
program  expands  In  time  with  the  ever  Increasing  definition  and  design  of 
the  system.  The  HRD  elements  In  this  weapon  system  data  base  should  be 
compatible  and  consistent  so  as  to  effectively  support  the  development  of 
requirements  and  planning  throughout  the  design/development  process.  In¬ 
addition,  the  HRD  elements  In  this  data  base  should  be  consistent  with 
data  elements  collected  and  processed  during  operational  testing  and  the 
O&S  phase;  that  Is,  t  'e  data  that  becomes  part  of  the  historical  base. 

With  greater  consistency  and  compatibility  between  data  elements  In  the 
developmental  system  and  historical  data  bases,  the  greater  the  feasibility 
and  utility  of  using  historical  data  to  reduce  O&S  costs  of  new  weapon 
systems  by  Incorporating  these  HRD  Into  the  early  design  process. 

The  data  generating  technology  needs  to  be  consistent  and  compatible 
with  the  developmental  system  data  base.  This  technology  would  then  be 
used  to  operate  on  the  developmental  system  and/or  historical  data  bases 
to  support  the  early  planning,  design  and  development  efforts  of  the  new 
weapon  system. 

APPROACH 

The  primary  objective  of  this  study  Is  to  establish  the  criteria  for 
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future  development  of  a  data  system,  hereafter  referred  to  as  a  Unified 
Data  Base  (UDB),  of  human  resources  information.  The  purpose  of  the 
UDB  would  be  to  enable  more  effective  utilization  of  the  historical 
data  base,  data  generating  technology,  and  the  weapon  system  data  base 
to  provide  compatible,  consistent  and  useful  HRD  to  influence  early 
system  design. 

The  study  included  four  major  tasks.  The  first  was  to  identify 
existing  data  and  data  systems  that  relate  to  HRD  and  that  are,  or  would 
be,  useful  and  usable  In  the  system  design/development  process.  The 
second  was  to  describe  the  weapon  system  design  process  with  specific 
emphasis  on  integration  of  HRD  to  Influence  hardware  design.  The  third 
task  was  to  investigate  the  adequacy  of  existing  HRD  and  to  identify  new 
and/or  modified  HRD  for  use  in  various  phases  of  system  design.  The 
fourth  and  final  task  was  to  establish  criteria  for  the  development  of 
a  UDB.  The  first  task  is  the  subject  of  this  report.  The  other  three 
tasks  will  be  discussed  in  subsequent  reports. 

CONCLUSIONS 

There  is  an  enormous  volume  of  operational  source  data  (historical 
data)  that  is  directly  or  Indirectly  related  to  HRD.  Operational  Data 
Systems  use  this  source  data  to  create  many  by-products  for  logistics 
support  planning,  budgeting,  and  management.  To  a  significant  but  lesser 
degree  the  source  data  and  by-products  are  used  by  government  and  con¬ 
tractors  in  the  weapon  system  acquisition  process. 

The  body  of  human  resources  technology  and  associated  literature  Is 
extensive.  The  collective  work  by  AFHRL  Is  clearly  representative  of  the 
current  state  of  technology  in  maintenance  manpower  modeling  (MMM) , 
human  resources  in  design  trades  (HRDT),  instructional  system  development 
(ISO)  and  job  guide  development  (JGD) .  There  are  many  organizations  who 
have  contributed  to  the  strong  technology  base  in  cost  and  parametric 
estimating  relationships,  logistics  support  analysis  (ISA) ,  reliability 
(R),  and  maintainability  (M) .  All  of  this  technology  and  its  appli¬ 
cation  demonstrates  that  HRD  can  be  used  in  the  design  of  complex  system 
hardware.  When  viewed  In  the  light  of  a  total  weapon  system  program, 
however,  there  are  severe  limitations  for  applying  this  technology  during 
the  conceptual  and  early  validation  phases  of  a  development  program.  The 
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techniques  for  creating  and  using  HRD  to  Influence  early  system  design 
are  available,  but  the  data  bases  required  to  effectively  utilize  the 
technology  are  Inadequate.  This  Is  particularly  true  during  the  con¬ 
ceptual  phase  of  a  development  program. 

The  relationships  between  human  resource  factors/data  and  complex 
system  hardware  are  so  pervasive  that  It  Is  difficult  to  establish  a 
clear  line  of  demarcation  for  what  Is  and  is  not  HRD.  Thus,  for  this 
study,  an  Investigation  of  existing  data  that  could  be  considered 
directly  or  indirectly  related  to  HRD  was  undertaken.  This  Included 
data  necessary  to  support  the  AFHRL  technologies,  LSA,  Integrated 
Logistics  Data  Files  (ILDSs),  cost  models,  and  cost/parametric  estimating 
relationships.  In  addition,  it  Included  an  investigation  of  special 
purpose  data  bases,  an  existing  data  bases  other  than  Air  Force.  The 
total  body  of  existing  data,  data  systems,  and  technology  directly  or 
indirectly  related  to  HRD  is  substantial  to  say  the  least. 
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SECTION  I 


INTRODUCTION 

The  primary  objective  of  this  study  is  to  establish 
criteria  for  development  of  a  Unified  Data  Base  (UDB)  of  human 
resource  related  information  for  utilization  in  the  weapons 
system  acquisition  process  to  influence  hardware  design. 

•  1  Data  Base 

This  report  presents  the  results  of  research  efforts  to 
identify  existing  human  resources  data  ( HRD ) ,  data  systems,  and 
related  information  that  is  or  could  be  useful  and  usable  to 
influence  weapon  system  hardware  design. 

As  used  in  this  study,  HRD  refers  to  information,  for  use 
during  design/development  phases,  that  provides  impact 
estimates  or  otherwise  describes  ground  support  human  resource 
requirements  in  the  Operation  and  Support  (O&S)  phase  of  a 
weapon  systems  life  cycle.  HRD  are  fundamentally  those  data 
which  would  assist  in  obtaining  answers  to  the  following 
questions  about  O&S  ground  support  requirements  as  a  function 
of  alternative  design  concepts/approaches  for  system  hardware 
and  alternative  support  concepts: 

How  many  people  are  needed? 

What  type  of  skills  and  skill  levels  are  needed? 

How  available  are  the  people  needed? 

How  much  will  it  cost  to  provide  and  maintain  the 
needed  skills? 
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In  context  with  the  above,  HRD  relates  directly  or  Indirectly  to 
reliability  (R),  maintainability  (M) ,  personnel,  training,  technical 
data,  manpower  costs,  test/support  equipment,  and  human  engineering 
Information  --  regardless  of  the  source,  form  and  content. 

It  must  be  emphasised,  however,  that  there  Is  no  clear  line  of 
distinction  as  to  what  Is  and  Is  not  HRD.  For  example,  an  aircraft 
utilisation  rate  has  an  Impact  on  R&M,  as  does  the  number  of  landings 
when  the  R  data  are  related  to  cycles  rather  than  flight  hours.  Cost 
of  ownership  entails  cost  elements  other  than  HRD,  but  those  may  have 
a  direct  relationship  to  the  cost  of  human  resources.  The  point  Is 
that  a  UDB  may  need  to  contain  data  elen'ents  that  are  not  HRD,  per  se. 

For  example,  the  UDB  may  need  to  contain  Base  Level  Petroleum,  Oil, 
and  Lubricant  (POL)  Costs,  Base  Material  Costs,  Replenishment  Spares 
Cost,  and  Support  Equipment  Costs.  Thus,  while  HRD  are  technically 
considered  to  be  the  type  of  data  defined  In  the  preceding  paragraph, 

It  Is  not  advisable  to  limit  the  scope  of  HRD  for  purposes  of  this  study. 
For  these  reasons  and  because  the  relationships  between  lumen  resource 
factors  data  and  complex  hardware  systems  are  so  pervasive,  HRD  will 
be  considered  In  a  broad  context  for  this  report. 

Sections  II,  III  and  IV  address  HRD  that  may  be  referred  to  as 
source  data  available  through  operational  data  svstems.  These  data  and 
data  systems  provide  historical  Information  about  existing  weapon  systems. 
Section  V,  VI  and  VII  address  technologies  that  utilize  source  data  to 
generate  HRD  that  applies  new  and  developing  weapon  system.  A  brief 
description  of  each  section  follows. 

Section  II  Identifies  and  briefly  discusses  existing  data  and  data 
systems  directly  related  to  HRD  that  are  or  could  be  useful  and  usable  In 
the  system  design/development  process.  This  section  focuses  on  operational 
data  and  data  systems,  primarily  the  Air  Force  Maintenance  Data  Collection 
System  (MDCS)  and  Its  derivatives.  Because  of  the  prevalent  use  of  data 
collected  In  the  field  through  MDCS  on  various  egulpments  other  than 
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aerospace  vehicles,  this  effort  was  limited  to  the  major  or  primary  data 
systems  applicable  to  aircraft  weapon  systems.  It  should  also  be  noted 
that  many  data  systems  Interface  with  the  primary  source  data  systems  and 
are  routinely  updated  in  the  established  processing  cycle.  No  attempt 
has  been  made  to  identify  all  of  the  by-product  data/data  systems  which 
may  contain  HRO  related  Information.  The  data  systems  interfacing  with 
the  primary  source  data  systems  have  been  identified.  These  interfacing 
systems  may  or  may  not  contain  HRD  per  se,  but  they  do  contain  data 
elements  that  are  essential  to  planning  and  budgeting  the  ground  support 
requirements  for  a  new  weapon  system. 

Section  III  discusses  some  important  Air  Force  Logistics  Command 
(AFLC)  data  base  developments.  The  Integrated  Logistics  Data  Files 
(ILDF)  on  four  separate  weapon  systems  are  included  in  this  section, 
along  with  other  special  purpose  data  bases. 

Section  IV  identifies  and  briefly  discusses  major  existing  HRD 
sources  other  than  Air  Force.  Selected  Army  and  Navy  data  systems  are 
included  in  this  discussion. 

Section  V  provides  a  summary  of  relevant  literature  in  the  area  of 
human  resources  technology.  The  major  focus  is  on  exploratory  and  ad¬ 
vanced  development,  and  resultant  reports  addressing  the  creation  and 
use  of  HRD  to  influence  the  design  of  complex  system  hardware. 

Section  VI  provides  an  overview  of  existing  1 i fe  cycle  cost  ( LCC ) 
models  and  applications.  Several  of  the  most  commonly  used  LCC  models 
are  discussed  in  some  detail.  In  addition,  a  comparison  of  data  elements 
and  cost  equations  used  in  four  cost  models  is  presented. 
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SECTION  II 


IDENTIFICATION  AND  DISCUSSION  OF 
EXISTING  DATA  AND  DATA  SYSTEMS 

GENERAL 

This  section  Is  divided  Into  two  major  parts.  The  first  part 
Identifies  ten  (10)  major  sources  of  HRD.  The  governing  directives 
and  data  processing  used  for  each  data  source  are  Identified.  The 
second  part  discusses  five  of  these  ten  major  HRD  sources  In  terms  of 
inputs,  outputs,  Interfaces,  and  Information  provided  to  users.  Many 
references  are  made  to  data  systems  that  are  commonly  known  by  the 
Data  System  Designator  (DSD)  and  to  reports  generated  from  the  various 
data  systems  commonly  referred  to  by  their  Reports  Control  Symbol  (RCS). 
Subsequent  use  of  abbreviations  that  do  not  logically  correspond  to  the 
associated  description  are  the  standard  DSD  or  RCS. 

IDENTIFICATION  OF  DATA/DATA  SYSTEMS 
Ten  major  sources  of  HRD  are  identified  In  this  section: 

1.  Base  Level  Maintenance  Data  Collection  System  (MDCS) 

2.  Base  Level  Maintenance  Cost  System:  M C S : H -  1 2 9 

3.  Aerospace  Vehicle  Inventory  Status:  GO  33 

I4.  Weapons  System  Effect  I  vaness  Programs  and  Models:  K0  51 

5.  USAF  Cost  and  Planning  Factors:  Air  Force  Regulation 

(AFR)  173-10 

6.  Logistics  Support  Analysis  (LSA) :  Military  Standard 

(MIL-STD)  1388-1 

7.  Unit  Costs  of  Aircraft,  Guided  Missiles,  and  Engines: 

Technical  Order  (T.O.)  00-25-30 

8.  Standard  Aircraft  Character  I s t i cs  :  Air  Force  Guide 

(AFG)  2 

9.  Group  Weight  Statements:  AN - 9 1 0 3~ D  and  Applicable  -2 

Technical  Orders 

10.  Systems  Effectiveness  Data  System  (SEDS) 
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BASE  LEVEL  MAINTENANCE  DATA  COLLECTION  SYSTEM  (MDCS) 

Data  Source  and  Governing  Directives  - 

The  primary  source  of  useful  and  usable  HRD  for  design  engineers  is 
the  MDCS.  The  MDCS  is  governed  by  Air  Force  Manual  (AFM)  66-1.  This 
manual  contains  the  implementing  Instructions  for  the  MDCS  and  assign¬ 
ment  of  specific  responsibilities  within  the  maintenance  complex  for  the 
collection,  handling,  processing  and  analysis  of  the  data  collected  at 
base  level.  Instructions  for  key  punching  and  processing  the  data  col¬ 
lected  on  the  base  level  B-35QO  computer  are  contained  in  AFM  66-267. 

The  basic  source  document  for  the  MDCS  is  the  Air  Force  Technical  Order 
(AFTO)  Form  349.  In  addition  to  the  base  level  reports  generated  from  the 
data  collected,  the  detailed  corrective  on-equipment  and  off-equipment 
(shop)  records,  plus  the  Scheduled  and  Special  Inspection  (look)  Support 
General  records,  are  transmitted  to  AFLC  via  the  Log-MMO  (AR)  7 1  42  reports 
(formerly  the  l-Log-K97  reports) . 

Data  Processing  - 

The  data  reported  to  AFLC  from  base  level  is  centrally  processed  at 
Wright-Patterson  AFB,  Ohio.  After  the  initial  "Edit/Error"  processing, 
the  edited  data  are  input  to  the  DO  56  Product  Performance  Data  System. 

The  DO  56  generates  experience  data  by  type  equipment  and  deficiency 
analysis  for  the  purpose  of  logistical ly  evaluating  item  performance  and 
system  performance. 

AFLC  Regulation  66-15  establishes  requirements  for  maintenance  of 
the  data  system  and  the  procedures  governing  the  utilization  and  analysis 
of  deficiency  data  reported  on  Air  Force  systems  and  equipment.  The  auto¬ 
matic  data  processing  systems  and  procedures  for  the  DO  56  Product  Perform¬ 
ance  System  are  contained  In  AFLC  Manual  1 7 1 ~^5 • 

BASE  LEVEL  MAINTENANCE  COST  SYSTEM  (MCS : H- 1  29) 

Data  Source  and  Governing  Directives  - 

The  base  level  maintenance  cost  system  (MCS : H- 1 29 )  uses  data  from 
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Che  following  level  sources: 

MDCS 

Standard  Base  Supply  System 

Accounting  and  Finance 

Engine  Manager 

Maintenance  Exception  Time  Accounting  System 

Data  from  the  MDCS,  plus  additional  data  collected  using  the  same  source 
document,  are  used  to  develop  maintenance  manpower  cost  data  by  type 
equipment,  program  element,  workload  breakdown  structure,  and  work 
accomplishment  code.  Data  from  all  of  the  above  sources  are  used  to 
develop  overall  base  level  maintenance  cost  data.  The  standard  pro¬ 
cedures  related  to  all  aspects  of  the  base  level  cost  system  performed 
on  the  B-3500  computer  are  covered  In  AFM  1 77~ 380 . 

Data  Processing  - 

Outputs  from  the  base  level  MCS:H-I29  are  transmitted  via  the  HAF-ACF 
(M&Q)  7^03  reports  to  the  Major  Command.  The  Major  Command  processes 
and  accumulates  cost  data  by  type  equipment  command  wide.  The  Major 
Command  then  generates  the  Command  Maintenance  Manpower  Information  System 
(CAMMIS)  data  for  reporting  to  Air  Force/PRMD.  The  Major  Command  main¬ 
tenance  cost  data  are  also  reported  to  Air  Force  for  input  to  the 
Operations  and  Support  Cost  Report  (OSCR)  by  weapons  system.  Depot 
maintenance  cost  data  are  generated  by  AFLC  through  the  HO  36  Data  System 
for  input  to  Air  Force  OSCR. 

AEROSPACE  VEHICLE  INVENTORY,  STATUS,  AND  UTILIZATION  REPORTING:  GO  33 
Data  Source  and  Governing  Directives  - 

The  standard  Aerospace  Vehicle  Inventory,  Status  and  Utilization 
Reporting  System  (AVISURS)  Is  governed  by  AFR  65-MO.  This  reporting 
system  interfaces  with  the  AFLC  DO  36  Data  System  and  provides  Informa¬ 
tion  about  aerospace  vehicles  in  the  Air  Force  inventory.  The  information 
includes  vehicle  assignment,  possession,  status,  flying  hours,  number  of 
landings,  sorties,  total  airframe  hours,  and  total  engine  hours. 


Data  Processing  - 

The  base  level  reports  are  transmitted  via  the  HAF-LGY  (m) 7502  reports 
to  the  Major  Command.  The  Major  Command  processes  the  data  received  from 
base  level  as  specified  In  AFM  65-663-  The  base  level  AVISURS  data  pro¬ 
cessing  procedures  and  output  distribution  Is  outlined  In  AFM  171-260. 

WEAPONS  SYSTEMS  EFFECTIVENESS  PROGRAM  AND  MODELS:  K0  51 
Overall  Purpose  of  Model  - 

The  K0  51  is  a  system  ef feet  I veness/ava 1 1 ab 11 i ty  ranking  model 
designed  to  provide  the  following  capabilities: 

1.  Statistical  evaluation  of  weapon  system  effectiveness 

2.  Identification  of  specific  systems  or  equipment 
effecting  force  degradation 

3.  Analysis  and  evaluation  of  historic  utilization, 
downtime,  and  maintenance  man-hour  data  on  terminated 
or  "out-of-commlssion"  aircraft 

A.  Correlation  of  aircraft  downtime  and  maintenance 
man-hours . 

Problem  Areas  Isolated  by  Model 

Weapon  system  effect  I veness  I s  often  based  on  cost,  capability,  and 
performance.  In  today's  austere  environment,  management  indicator  pro¬ 
grams  are  essential  for  effective  allocation,  or  reallocation,  of  limited 
resources  to  improve  and  maintain  system  effectiveness.  The  following 
models  were  designed  to  isolate  possible  problem  areas. 

I.  Logistic  Support  Cost  (LSC)  ranking  ( K0  51,  Part  2): 
Weapons  Systems  support  costs  identified  to  work 
unit  code  (WUC) .  Equl pment/components  are  computed 
and  ranked  to  Identify  disproportionate  resource 
consumers.  Cost  areas  considered  are  field  main¬ 
tenance  man  hours,  packaging  and  transportation, 
specialized  repair  activity  man-hours,  materials, 
overhead  and  condemnation  replacements. 
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2.  Availability  ranking  (KO  51,  Part  3): 

Output  from  this  model  Is  In  terms  of  degradation 
to  Weapon  System  availability.  Computed  degradation 
factors  are  ranked  to  reveal  the  equl pment /components 
or  aircraft  which  are  the  highest  contributors  to  non¬ 
availability  and  reduced  performance  of  the  force. 

3.  Flight  Safety  Prediction  Technique  Model  (GO  95): 

This  model  estimates  and  ranks  the  material  failure 
hazard  rate  of  a  weapon  system  by  WUC  (excluding 
primary  structure).  The  criticality  number  calcu¬ 
lated  is  an  estimate  of  the  probability  of  exposure 
of  the  system  to  a  hazardous  condition  (hazard  rate) 
due  to  malfunction  of  a  specific  WUC  I  tern  during  an 
average  sortie. 

k.  Summarized  results  of  Investigations  of  Indicated 
problems  are  contained  In  Part  IV,  where  each  indi¬ 
vidual  summary  Is  assigned  an  I  tern  number.  The 
reference  report  column  of  the  model  output  reflects 
an  item  number  and  report  identifier  (the  month  and 
year  In  which  the  Item  number  last  appeared)  for 
each  WUC  for  which  a  summary  analysis  was  prepared. 

5.  Changes  effective  I  October,  1977: 

Mission  Capability  (M I  CAP )  reporting  has  replaced 
the  Maintenance  and  Supply  status  reporting  In  AFR 
65-MO  data.  Not  Mission  Capable  (NMC)  or  Partial 
Mission  Capable  (PMC)  status  is  now  used  to  describe 
vehicle  status.  NMC  and  PMC  status  is  determined  by 
the  Mission  Essential  Subsystem  List  (MESL).  NMC 
and  PMC  are  not  directly  related  to  the  aircraft  flyable 
status.  These  values  are  not  equivalent  to  the  pre¬ 
viously  used  terms  (Not  Operationally  Ready,  Grounded, 
or  Flyable)  and  therefore  are  not  comparable.  Due  to 
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an  error  In  data  Input  from  GO  33,  hours  possessed 
are  excessive  for  the  *4th  quarter  1977-  Errors  of 
this  nature  could  affect  the  accuracy  of  system 
effectiveness,  Fully  Mission  Capable  (FMC) ,  and 
alert  availability  reporting. 

USAF  COST  AND  PLANNING  FACTORS  (AFR  1 73" 10) 

This  regulation  contains  USAF  cost  and  planning  factors  which  can 
be  used  for  estimating  and  analyzing  resource  requirements  and  costs 
for  active  Air  Force,  Air  National  Guard,  and  Air  Force  Reserve  Forces 
In  a  peace  time  environment.  Where  appropriate,  the  factors  can  be 
traced  to  the  conventional  budget  structure  and  the  five  year  defense 
program  (FYDP).  Chapter  2  of  the  regulation  provides  explanatory 
material  with  respect  to  each  of  the  cost  and  planning  factor  tables. 

This  narrative,  presented  sequentially  by  table,  Is  concerned  with 
factor  development  objective,  derivation,  use  limitations,  and  where 
appropriate,  examples  of  use.  USAF  Cost  and  Planning  Factors  tables 
are  included  as  attachments.  Table  51  of  the  regulation  contains  the 
factors  used  in  the  Air  Force  Cost  Analysis  Cost  Estimating  (CACE) 

Mode  I . 

LOGISTICS  SUPPORT  ANALYSIS  (Ml L-STD- I  388- I ) 

This  standard  establishes  criteria  governing  performance  of  a 
LSA,  integral  to  the  engineering  process,  to  define  support  system  re¬ 
quirements  and  inject  support  criteria  Into  system/equipment  design  and 
development.  This  standard  applies  to  any  system/equipment  acquisition 
program,  or  major  modification  program,  from  the  early  program  Initiation 
(conceptual)  phase  through  the  deployment  phase.  It  Is  Intended  that 
this  standard  be  used  by  both  contractor  and  government  activities  Im¬ 
plementing  LSA.  The  Logistics  Support  Analysis  Records  (LSARs)  pre¬ 
scribed  by  this  standard  provide  the  mechanism  for  generating  Invaluable 
human  resources  data.  This  Is  particularly  true  If  the  Air  Force  will 
standardize  basic  data  elements  and  require  LSARs  on  all  acquisition 
programs.  LSARs  appear  to  have  the  potential  for  satisfying  most  of  the 
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objectives  of  the  five  Air  Force  Human  Resources  Laboratory  (AFHRL) 
technologies  --  namely;  Maintenance  Manpower  Modeling  (MMM) ,  Instructional 
System  Development  (ISD),  Job  Guide  Development  (JGD) ,  System  Ownership 
Costing  (SOC),  and  Human  Resources  In  Design  Trade-off  (HRDT). 

UNIT  COSTS  OF  AIRCRAFT,  GUIDED  MISSILES,  AND  ENGINES  (T. 0.00-25-30) 

Technical  Order  00-25-30,  Unit  Costs  of  Aircraft,  Guided  Missiles 
and  Engines,  dated  1  September  1978  reflects  many  major  revisions  to  the 
information  contained  in  previous  editions  of  this  document. 

Table  I  of  T.0.  00-25*30  excludes  all  Research  and  Development  (R&D) 
and  Class  V  Modification  (MOD)  costs.  Table  II  of  this  T.0.  provides  R&D 
and  Class  V  Mod  costs  where  possible.  The  R&D  costs  shown  are  cumulative 
through  FY77  distributed  over  the  number  of  aircraft  procured  to  reflect 
unit  R&D  costs.  The  term  "specific  R&D"  is  applicable  to  the  specific 
weapon  system  series,  whereas  "prorated  R&D"  is  applicable  to  several 
or  all  series  of  a  weapon  system.  R&D  includes  support  equipment  (SE) 
and  other  support  R&D.  Table  I  1 1  of  this  T.0.  also  reflects  Class  V  MOD 
costs.  Class  MODS  are  defined  as  changes  in  the  physical  configuration 
or  or  in  the  functional  characteristics  of  a  system  or  equipment.  Class 
V  MOD  costs  identified  as  prorated  pertain  to  several  or  all  series 
within  a  weapon  system.  Unfortunately,  for  cargo  type  aircraft,  Table 
III  reflects  "specific  R&D"  costs  for  the  C-5A  only  and  "prorated  R&D" 
costs  for  the  C-I30A,  DC-I30A,  DCI30B,  and  the  C I 30D  only.  For  the 
purpose  of  developing  parametric  estimating  relationships  for  cargo 
type  aircraft,  this  source  of  cost  data  is  inadequate. 

STANDARD  AIRCRAFT  CHARACTERISTICS  (AIR  FORCE  GUIDE  2) 

The  AFG-2  contains  standardized  mission  profiles  which  contain 
comparable  design  or  performance  characteristics  for  USAF  aircraft. 

These  characteristics  may  be  used  to  develop  estimating  relationships 

for  0&M  costs  when  used  as  Independent  parameters  and  related  to  historical 

data. 

GROUP  WEIGHT  STATEMENTS  (AN-9 1 03~D  and  Applicable  Technical  Orders) 

The  group  weight  statements  and  the  applicable  technical  manual 
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maintenance  procedures  (-2T.0.s)  provide  another  source  of  data  used 
in  deriving  parametric  estimates  where  parameters  such  as  aircraft 
weight,  systems  weight,  fuel  weight,  number  of  hydraulic  pumps,  number 
of  control  surfaces  and  number  of  Line  Replacement  Units  (LRUs)  are 
used  as  the  independent  parameters. 

SYSTEMS  EFFECTIVENESS  DATA  SYSTEM  (SEDS) 

The  SEDS  collects  data  generated  during  Category  II  verification 
and  demonstration  testing.  The  source  document  for  this  data  system  is 
Air  Force  Systems  Command  (AFSC)  Form  258.  This  form  Is  designed  to  cap¬ 
ture  all  of  the  same  data  elements  used  In  the  AFM  66-1  MDCS.  In  addition, 
the  form  is  used  to  capture  supplemental  failure  data  for  reliability,  and 
information  relative  to  the  adequacy  of  support  equipment  and  technical 
data.  Finally,  the  form  is  used  to  report  up  to  three  Air  Force  Specialty 
Codes  for  troubleshooting  and  repair  functions. 

DISCUSSION  OF  DATA/DATA  SYSTEMS 

Five  of  the  major  HRD  sources  identified  above  are  discussed  in 
greater  detail  below.  These  five  are  the  Maintenance  Data  Collection 
System,  Maintenance  Cost  System,  USAF  Cost  and  Plannlnq  Factors,  Logistics 
Support  Analysis,  and  Systems  Effectiveness  Data  System. 

MAINTENANCE  DATA  COLLECTION  SYSTEM  (MDCS) 

Recording  and  Reporting  - 

The  recording  and  reporting  Instructions  for  the  MDCS  are  contained 
in  the  00-20  series  technical  orders.  The  source  document  used  to  collect 
the  data  Is  the  AFTO  Form  3^*9 •  These  forms  are  originated  by  the  Indivi¬ 
dual  (s)  accomplishing  the  work.  Figure  1  Illustrates  the  data  elements 
that  can  be  reported.  The  specific  data  elements  reported  for  a  given 
transaction  are  dependent  on  the  type  of  maintenance  that  was  performed. 

The  following  technical  orders  relate  to  the  types  of  maintenance  and/or 
equipment  to  which  the  recording  Instructions  relate: 

I.  00-20-2-2  On-Equipment  Maintenance  Documentation  for 
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00-20-2-A 

00-20-2-5 


00-20-2-6 


00-20-2-7 


00-20-2-8 


00-20-2-10 


00-20-2-13 


00-20-3 

00-20-i* 

00-20-5 


Aircraft;  Air  Launched  missiles; 

Ground  Launched  Missiles  (except  I  CBM) ; 

Drones;  and  Related  Training  Equipment 

Maintenance  Documentation  for  In-Shop 
Engine  Maintenance 

On-Equipment  Maintenance  Documentation 
for  Intercont Inental  Ballistic  Missiles 
( I  CBM) 

On-Equipment  Maintenance  Documentation  Nuclear 
Ordinance  Commodity  Management  Material,  Re¬ 
entry  Vehicles  and  Re-entry  Systems,  and  Related 
Test  and  Handling  Equipment  (Excluding  Nuclear 
Weapons) 

On-Equipment  Maintenance  for  SE,  Trainers  and 
Simulators 

On-Equipment  Maintenance  Documentation  for 
Ground  Conmun i cat ions*E 1 ect ron i cs-Meteorolog i cal 
(CEM)  Equipment. 

Off-Equipment  Maintenance  Documentation  for 
Shop  Work,  Conventional  Munitions,  and  Precision 
Measuring  Equipment  (PME) 

AFLC  Depot  and  Contractor  in-Shop  Maintenance 
Documentation,  Peculiar  Engine  Documentation, 
and  Contractor  Data  Submission 

Maintenance  Processing  of  Repairable  Property 
and  Repair  Cycle  Asset  Control  System 

Configuration  Management  Systems 

Aircraft,  Drone,  and  Air  Launched  Missile 
Inspections,  Flight  Reports,  and  Supporting 
Maintenance  Documents 
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12.  00-20-6  Inspection  System,  Documentation,  and  Status 

Reporting  for  Ground  Launched  Missiles  and 
their  Trainers,  SE  and  Ground  CEM  Equipment 

13-  00-20-7  Inspection  System,  Documentation,  and  Status 

Reporting  for  Support  and  Training  Equipment 
(Excluding  Ground  Launched  Missile  Equipment) 

14.  00-20-8  Inspection  System,  Documentation,  and 

Reporting  for  Ground  CEM  Equipment  Used  in 
Direct  Support  of  Ground  Launched  Missiles 

1 5-  00-20-9  Forecasting  Replacement  Requirements  for 

Selected  Calendar  Time  Change  Items 

These  technical  orders  Implement  the  Air  Force  policies  of: 

AFR  66-lA,  Equipment  Maintenance  Policies,  Objectives,  and  Responsi¬ 
bilities;  AFM  66-1,  Maintenance  Management;  and  AFR  66-5,  Production 
Oriented  Maintenance  Organization  (P0M0) . 


Base  Level  Processing 


The  information  recorded  by  the  Specialist/Technicians  performing 
the  maintenance  is  processed  through  the  activity  that  has  been  assigned 
the  key  punch  responsibility.  This  may  be  within  the  maintenance  complex 
or  in  data  processing.  The  specific  instructions  for  the  operation  and 
maintenance  of  the  MDCS  for  those  bases  having  the  B-3500  computer 
are  contained  in  AFM  66-267,  and  are  used  in  conjunction  with  AFM  66-1 
and  T. 0.00-20-2.  The  detail  66-1  MDCS  record  formats  for  the  various 
type  equipment/maintenance  actions  are  presented  in  Figure  2.  These 
records  are  automatically  generated  during  the  routine  daily  processing 
of  the  MDCS  data  at  base  level.  These  records  are  transmitted  via 
AUTODIN  or  by  mall,  in  the  form  of  magnetic  tapes  and  punched  card  decks, 
to  AFLC  for  processing  into  the  DO  58  Product  Performance  System.  While 
these  formats  are  identified  to  the  DO  5&E  data  system,  they  correspond  to 
the  L0G-MM0 (AR) I A2  record  formats  In  Columns  I  through  80.  The  DO  56E 
data  is  a  record  image  output  to  tape  for  distribution  to  authorized 
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Figure  2.  Automatic  data  processing  record  layout 
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contractors.  The  data  contained  In  Columns  81  through  90  of  the  tape 
record  layout  are  for  AFLC  Processing  Control  purposes  and  may  be  used 
by  the  contractors  as  an  aid  in  their  processing  of  the  DO  56E  data. 

Abbreviations  used  in  Figure  2  that  do  not  appear  elsewhere  in 
the  report  are: 


AGE 

- 

Support  Equipment 

EAD 

- 

End  Article  Designator 

FSC 

- 

Federal  Stock  Code 

How  Mai 

- 

How  Malfunctioned 

I.D.  No. 

- 

Identification  Number 

INV 

- 

Inventory 

JCN 

- 

Job  Control  Number 

JETD 

- 

Joint  Electronics  Type  Designator 

LTF 

- 

Lead  the  Force 

MDS 

- 

Mission  Design  Series 

Mod  i  f 

- 

Modi f i cat  ion 

Seg.  No. 

- 

Sequence  Number 

SRD 

- 

Standard  Reporting  Designator 

TCTD 

- 

Time  Complicance  Technical  Order 

Wh  Di  s 

- 

When  Discovered 

Yr  or  Mfg 

- 

Year  or  Manufacturer 

AFLC  Processing  - 

The  detailed  AFM  66-1  data  records  transmitted  to  AFLC  are  pro¬ 
cessed  by  the  AFLC  DO  56  data  system.  The  initial  processing  is  the 
DO  56A  Error  Edit  and  Analysis  Routine.  During  this  process,  three  (3) 
Input  data  systems  are  interfaced  and  thirteen  (13)  output  data  systems 
are  interfaced.  An  overview  dat  1  flow  process  and  interfacing  chart  Is 
presented  in  Figures  3  and  A.  This  reflects  the  general  data  flow  process 
from  the  point  of  origin  (base,  depot,  or  contractor)  through  the  DO  56 
Product  Performance  Analysis  Process.  Tables  I  and  2  identify  the  output 
products  and  data  element  contents  of  the  reports  Identified  by  RCS  and 
Product  Control  Number  (PCN).  The  policies,  requirements  for  data  systems 
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Figure  3.  AFLC  DO  56  data  system 
base  level  to  AFLC 


AR.C  DO  56  data  system 
AR.C  data  processing 


TABLE  I.  DO  56  ON-EQUIPMENT  REPORTS 


RCS  MHO < AH  I - 

rcs  po sfB- 
RR  Pori  rii.jvmn 

CON T  UltS 
AIW'RTS 

ACCIDENTS 
ACTION  TAKEN 
ACTIONS  Ti'TAl 
ACTIONS  r»n 
AD  JtST(Sl  «MAIIV 
NASI  'COWlANP  ID 
CAT I GORY  INDICATOR 

chan  ti si  Corrosion* 

CONDEMNED* 

CORROSION,  M  N  COST 
CORROSION  UNITS 

EUM*  *  • 

fSl  • 

HIGH  10  WVf» 

NIGH  2S  WIH  '• 

HIGH-  2  X  WL'C  CORA  N  H 
HOW-MAL FUNCTION 
INCIDENTS 
iVlVENTOlY 

LANDING SA  AIRCRAFT 
UNITS,  ACTION 
MAI  FUNCTIONS,  FAIIURI 
HAIFTNC TICKS,  OTHfR 
MAI  FUNCTIONS,  TYFl  NR 
NANHC'URS,  ON-  tvjl*  l  PHENT 

scheduled 

UNSCHEDULED 

TRUE  ACTION _ ' 

M'W-NAl 

manhours,  oVf -equipment 

HASH OCRS  rrR  rLY INi  HR 

MANHOURS,  I  CTO _ . 

NANVEACTVRFR  COPE# 

KHl  (COPE'* 

HTRl 
MTRM 
MTRTMA 
N1  IN* 

NRTS* 

OPERATING  I  INI 
PART  NT’MRIR* 

PARTS  RFPIA( TD* 

QUANTITY  PER  APPMCATION 

REPAIRED* 

RIPIAGIMENT  lNIFRVAl 
SPRVICLABll* 

MAUI  N-.-NRIR 

SORT  list  AVi. .  I  |N.  TH,  MSRF' 

SUMMARY,  SYS  TIM  MR  SXSTlN 

TIMI  (  HAS..!  RmOV  AI  S 

UNITS* 

WHIN  p|  MOVER  IP 
Wi'R>  UN  IT  CODI 
IV. INI  DATA 
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(S«* ItS}  _MfORTS  _  "ON- 1 Ql  I  PMF  NT1 
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Mff 
S002 


MO  -  MONTHLY 
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TABLE  2.  DO  56  OFF-EQUIPMENT  REPORTS 

D056  (SERIES)  REPORTS  OFF-EQUIPMENT  REPORTING 


maintenance,  and  procedures  governing  the  utilization  and  analysis  of 
deficiency  analysis  data  reported  on  Air  Force  Systems  and  Equipment 
are  covered  in  AFLC  regulation  66-15  as  amended.  A  brief  description, 
frequency,  and  criteria  used  to  produce  each  PCN  identified  is  included 
in  this  regulation.  Procedures  and  sample  output  product  formats  for 
the  operation  of  the  Product  Performance  System  (DO  56)  are  contained 
i n  AFLC  Manual  I  7 • “ ^ 5 • 

By-Products  of  DO  56  System  - 

As  a  by-product  of  the  DO  56  Froduct  Performance  System,  the  KO  51 
(Weapons  Systems  Effectiveness  Program  and  Models)  Is  exercised  at  the 
same  time  as  the  DO  56C  Of f- Equ i pmen t  Product  Analysis  Subsystem  is 
exercised.  The  output  products  and  data  elements  by  Identified  RCS  and 
PCN  are  displayed  in  Table  3-  These  reports  are  available  in  microfiche 
to  authorized  contractors. 

Maintenance  Data  to  Contractors  - 

The  DO  56E  (AFM  66-1  Maintenance  Data  to  Contractors)  processes 
the  on-equipment  and  of f-equ  1  prient  tapes  from  DO  5&A,  and  segregates 
product  information  for  approved  contractors.  The  output,  in  tape  form, 
is  record  image  of  the  66-1  detail  records  that  were  passed  by  error  edit 
subsystem  to  the  DO  56A0AB0  and  DO  56AO^AO  data  tapes.  The  data  tapes  also 
contain  AFR  65-110  flying  hour  Information  corresponding  to  the  equipment 
and  time  period  to  which  the  maintenance  data  relates.  This  information 
is  essential  to  the  contractor  In  order  to  dertve  reliability  rates  and 
Maintenance  Man-hour  Per  Flying  Hour  (MMH/FH)  Information  from  the  data 
contained  on  the  tapes.  The  various  contractors  who  receive  the  data  have 
developed  their  own  data  processing  and  data  bases  to  meet  their  require¬ 
ments  in  performing  R&M  studies,  and  where  appropriate,  LSA  and  trade 
studies. 

Many  contractors  have  used  DO  56  data  In  Independent  research  and 
development  efforts  (IR&D),  some  of  which  have  great  potential  benefits 
to  the  Air  Force  as  well  as  the  aerospace  industry.  Some  contractors 
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have  encountered  difficulty  in  obtaining  needed  data  for  this  purpose, 
particularly  for  aircraft  other  than  their  own  products.  This  obstacle 
in  obtaining  needed  data  may  tend  to  discourage  the  aerospace  industry 
from  conducting  the  IR&D  that  could  lead  to  improved  state  of  the  art  In 
many  areas  that  impact  ICC. 

DO  56  Output  Data  System  Interfaces  - 

In  this  portion  of  the  study,  no  attempt  has  been  made  to  track  or 
otherwise  determine  the  interfacing  data  systems  which  may  contain  HRD. 
The  DO  56  System  contains  ail  of  the  basic  detail  data  and  could  be 
obtained  from  this  source.  It  is  appropriate,  however,  to  identify  the 
DO  56  output  data  system  interfaces  as  follows: 

1.  DQ47,  Standard  Configuration  Management  Program, 
at  each  Air  Logistics  Center  (ALC) 

2.  D057G,  Advanced  Configuration  Management  System,  at 
each  ALC  except  Oklahoma  City  ALC  (OCALC) 

3.  0066,  Commodity  Configuration  Management  System,  OCALC 

4.  G033A,  Aerospace  Vehicle  Status  Reporting  System,  AFLC 

5.  00241,  Engine  Configuration  Management  System,  OCALC 

6.  Space  and  Missile  Data,  Space  and  Missile  Systems  Office 
(SAMSO) 

7.  Military  Airlift  Command  (MAC)  Data 

8.  Air  Force  Commun I  cat  Ions  Service  (AFCS)  Data 

9.  USAF  Security  Service  (USAFSS)  Data 

10.  G0II,  Tire  Improved  Reliability  Mathematical  Model 
Program,  Sacramento  ALC  (SMALC) 

11.  K05I,  Weapon  System  Reliability  Mathematical  Model  Program, 
SMALC 

12.  Air  Defense  Command  (ADCOM)  Data 
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•3-  G095,  Flight  Safety  Prediction  Technique,  San  Antonio 

ALC  (SAALC) 

IA.  0038,  PME  Interval  Analysis  System,  Aerospace  Guidance 
System  Maintenance  Center  (AGMC) 

15-  D057F,  Program  for  Selected  Items,  at  each  ALC 

16.  G09S,  Maintenance  Requirements  Data  System,  SAALC 

17-  G08l,  C-5  Maintenance  Data  Analysis  and  Recording  System 
(MADARS)  Ground  Processing  Segment  (GPS),  OCALC 

1 8.  G335.  AGM-69A  Short  Range  Attack  Missile  (SRAM)  Service 
Life  Data  Storage  Retrieval  System,  Ogden  ALC  (00ALC) 

In  addition  to  the  output  interfaces,  the 
D056  System  receives  input  data  from  various 
sources  as  follows: 

19.  G00I8,  provides  the  AFM  66-1  Maintenance  Data  Generated 
at  the  base  level 

20.  G00IC,  provides  the  AFM  66-1  Maintenance  Data  Generated 
at  the  ALC's  and  Contractor  facilities 

21.  G033B,  Aerospace  Vehicle  Inventory  and  Inventory  Change 
Reporting,  provides  Vehicle  Operating  Data  by  Hours 
Flown,  Landings,  Sorties,  and  Status  Information  (AFR 
65-1 10  Data) 

22.  D0A3,  Master  Item  Identification  Control  System  (Ml  ICS), 
provides  an  inventory  Data  Base  of  Air  Force  Supply  Items 
by  stock  number  and  part  number  which  Is  used  to  identify 
and  verify  AFM  66-1  transactions. 

23.  DIA3B,  Master  Cross  Reference  File  -  Stock  Control  Data, 
provides  Equipment  Specialist  and  Division  Manager  Codes 
for  D056C,  C 4 ,  Master  Record. 
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2 4 .  Other  related  hard  copy  is  input  in  the  form  of  punched 
cards,  annotated  DO  56  reports,  and  AF  Forn  1530  which 
provides  master  file  update  information  and  system  report 
requests. 

MAINTENANCE  COST  SYSTEM  (MCS : H- 1 29) 

Data  Manager  and  Directives  - 

The  base  level  MCS  was  implemented  in  1975  and  is  managed  by  the  Air 
Force  Accounting  and  Finance  Center  (AFAFC/XSM) ,  Denver,  Colorado.  The 
functional  user  manual  for  the  base  level  MCS  Is  AFM  177*380  and  Is  appli¬ 
cable  to  base  level  processing  of  MCS  data  on  the  B*3500  computer.  The 
Automatic  Data  Processing  Systems  and  Procedures  -  MCS,  AFM  171*380,  is 
the  data  automation  counterpart  manual. 

Base  Level  MCS  Interfaces  * 

The  base  level  MCS  interfaces  with  other  base  level  data  systems 
which  provide  the  required  Inputs  to  MCS.  The  base  level  Interfacing 
input  data  systems  are  as  follows: 

1.  Standard  Base  Level  Supply  System  (SBSS)  - 
Reference  AFM  177*206,  Para.  8*6.1  and  Chapter  30 
also,  and  AFM  67*1,  Vo! .  II,  Part  2,  Chapter  7, 

Section  N 

2.  B-3500  Maintenance  Data  Collection  System  (MDCS)  - 
Reference  AFM  66-267  and  T. 0.00*20*2 

3.  B-3500  Maintenance  Management  and  Control  System 
(MMICS),  Administration  Sub-system  -  Reference 
AFM  66-278;  or  the  Exception  Time  Accounting 
Sub-system  -  Reference  AFM  66-26A 

A.  B-3500  MMICS  Status  Sub-system  -  Reference  AFM  66-278 

5  .  8-  3  5  00  Account  I ng  System  for  Operations  -  Reference 

AFM  177*370  Chapter  38 
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Base  Level  MCS  Outputs  and  Objectives  - 

The  base  level  MCS  produces  several  reports  for  distribution  at 
base  level  and  provides  an  output  (RCS:  HAF-ACF  (MSQ.)  7A03)  transmittal 
file  which  Is  forwarded  to  the  Major  Command  for  Input  to  the  command 
level  MCS  and  the  CAMMIS.  The  objectives  of  the  MCS  are: 

1.  To  accumulate  cost  of  organ izat ional  and 
intermediate  level  maintenance  activities  by 
ai rcraft  MDS 

2.  To  provide  the  capability  to  consolidate  depot  and 
base  1  eve! Ma i ntenance  Costs  at  USAF  level;  to  show 
total  cost  by  MDS 

3.  To  improve  USAF  and  Department  of  Defense  responsiveness  to 
the  office  of  Management  and  Budget  (0MB)  and  Congress 
regarding  total  maintenance  costs 

A.  To  provide  data  for  ICC 

5.  To  improve  the  basis  for  determining  whether  to 
perform  maintenance  contractually  or  in-house 

6.  To  provide  base  level  maintenance  cost  per  flying 
hour 

7.  To  purify  program  element  reporting  for  the  5~year 
force  structure  and  the  Air  Force  budget  submission 

8.  To  provide  cost  of  total  maintenance  labor  expendi¬ 
tures  (direct,  indirect,  and  overhead) 

9.  To  provide  the  reporting  system  to  support  the  CAMMIS 
Base  Level  Information  Provided  to  Users  - 

Information  is  provided  to  interested  base  level  activities  in 
eight  different  report  formats.  These  reports  Include:  (a)  cost  and 
man-hours  for  military  and  civilian  labor;  (b'  mater ial (funded  and 
unfunded);  (c)  contractor  maintenance;  (d)  government  furnished  material 
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(to  contractors);  (e)  Indirect  labor;  and  (f)  overhead  labor.  Cumulative 
totals  for  month  and  for  fiscal  year  are  Included  In  the  reports.  The 
cost  and  man-hours  are  further  broken  down  by  Workload  Breakdown  Struc- 
ture  (WBS)  ,  within  MDS,  and  within  Program  Element  Code  (PEC)  -  Report 
IA.  The  data  elements  Included  In  each  of  the  reports  are  presented 
in  Table  A.  The  reports  reflect  Workload  Breakdown  Structure  and  Work 
Accomplishment  Category  for  MDS-related  and  Non-related  costs.  The 
categories  are  as  follows: 


Where  Rep 


Workload  Breakdown  Structure  -  MDS  Related 


Aircraft  IA 
Airframe  IA 
Engine  IA 
Accessories  IA 
Electronics/Communications  (ECOM)  I A 
Armament  IA 


AGE  (WBS  is  not  used  In  current  phase  - 
will  be  Included  In  later  revisions) 


2.  Workload  Breakdown  Structure  -  Non-MDS  Related 

Supply  Support  IB 
Trainers  IB 
Munitions  IB 
CEM  16 
Missiles  IB 
PME  IB 
AGE  IB 
Other  IB 


3.  Work  Accomplishment  -  MDS 
Program  Maintenance  (MAC 
Act i vat lon/Deact 1  vat i on 
Modi fi cat  ion 


Related 

only)  2A 

2A 

2A 


■Not  to  be  confused  with  Work  Breakdown  Structure  (WBS)  as  defined  in 
MIL-STD-88IA. 
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Repa I r  2A 

Inspection  and  Test  2A 

Technical  Assistance  2A 

Other  Support  2A 

Research  and  Development  2A 

*4.  Work  Accomplishment  -  Non-MDS  Related 

Act  I  vat  I on/Deact I  vat  Ion  2B 

Renovation  and  Storage  2B 

Modi f Icat Ion  2B 

Repa I r  2B 

Inspection  and  Test  2B 

Manufacture  2B 

Technical  Assistance  2B 

Other  Support  2B 

Research  and  Development  2B 

Indirect  Labor  Category  -  Category  (Military  - 

Civilian)  3 

Supervision  3 

Training  3 

De  t  a  i  1  3 

Leave  3 

Compensatory  Time  Taken  3 

Alert  3 

Miscel laneous  3 

6.  Overhead  Category  A 

Mil  I tary  Labor  k 

Civil  Ian  Labor  *4 

Rents  *4 

Temporary  Duty  *4 

Contract  Services  *4 

Other  A 
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7.  Material  Category  5 

Bench  Stock  (Non-MOS)  5 
Contractor  Operated  Parts  Stores  (COPARS)  5 
Contractor  Operated  Civil  Engineer  Supply 

Stores  (COCESS)  5 
Aviation  Gasoline  (Non-Flying)  5 
Di rect  Material  5 
Government  Furnished  Material  (GFM)  5 
Other  5 

8.  By  Customer  (Major  Command,  government 

agencies,  other)  6 
Military  Labor  (Direct)  6 
Civilian  Labor  (Direct)  6 
Material  (funded)  6 
Material  (unfunded)  6 
Contractor  Maintenance  6 
Government  Furnished  Material  6 
Indirect  Labor  6 
Overhead  6 

Base  Level  MCS  Labor  Hours  and  Cost  Data  - 


The  Indirect  and  overhead  labor  hours  and  cost  data  are  distri¬ 
buted  to  PEC,  MDS,  Non-MDS,  and  Non-Local,  based  on  direct  labor  hour 
ratios.  The  ‘’By  Customer  Report"  reflects  cos*-  data  for  tenant  support 
(by  Command),  Transient  Support  (by  Command),  and  other  support  (Identified 
to  activity  supported).  Maintenance  organizations  that  do  not  process 
MDCS  or  MM1CS  Admln/ETA  System  on  the  B-3500  (for  example,  B263  bases)  are 
not  applicable  to  the  MCS.  For  example,  the  cost  of  maintenance  per¬ 
formed  by  the  Air  National  Guard  Is  not  Included  In  MCS.  Associate  reserve 
personnel  on  active  duty  In  support  of  an  active  Air  Force  mission  and 
Air  Force  Reserve  (AFRES)  activities  that  are  tenants  on  Air  Force  bases 
are  costed  In  the  MCS.  All  other  AFRES  and  all  Air  National  Guard  (ANG) 
activities  who  process  the  MDCS  and  MMICS  Administrative  System  on  the 
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B-3500  are  included  in  the  MCS  for  CAMMIS  reporting  only  (Non-MCS 
reportable).  A  general  system  flow  process  for  this  system  is  presented 
in  Figure  5- 

Command  Level  Maintenance  Cost  System  (MCS :H- I 29A/YQ)  - 

The  Command  level  functional  user  documentat ion  Is  AFM  1 7  7~  679  > 

USAF  Standard  Major  Command  Level  Maintenance  Cost  System  (H6000) .  AFM 
171*679  is  the  Automatic  Data  Processing  Systems  and  Procedures  in  support 
of  the  H6000  MCS  at  the  Major  Command  (MAJCOM)  level.  The  Command  level 
MCS  accepts  the  base  level  MCS : H- I  29 . 

HAF-ACF(M&Q) 7^03  reports  and  consolidate  the  data  by  categories 
to  produce  command  wide  maintenance  cost  data.  This  system  produces 
seven  reports  at  Command  Level  and  also  produces  an  output  to  USAF  head¬ 
quarters  which  is  used  as  an  Input  to  the  OSCR.  The  same  cost  elements 
and  cost  categories  used  at  base  level  are  used  at  Command  Level.  The 
difference  in  the  report  formats  is  that  the  Command  MCS  reports  reflect 
cost  only  and  do  not  contain  labor  hours.  A  general  system  flow  process 
for  this  system  is  presented  In  Figure  5- 

Command  Aircraft  Maintenance  Manpower  Information  System  (CAMMIS)  - 

The  CAMMIS  receives  data  from  three  sources:  MDCS;  MMICS  Administra¬ 
tion  Subsystem  or  the  Exception  Time  Accounting  (ETA)  System;  and  the 
MMICS  Status  Subsystem  or  the  Aerospace  Vehicle  Status  Report  (At).  These 
base  level  systems  feed  the  CAMMIS  data  elements  to  MCS  monthly.  The  MCS 
transmits  the  CAMMIS  data  elements  to  MAJCOM  as  a  part  of  the  RCS:HAF-ACF 
(MSQ) 7403  report.  Output  from  CAMMIS  Is  transmitted  to  USAF/PRMP  for 
input  to  the  Aerospace  Maintenance  Manpower  Information  System  (AMMIS). 
This  system  provides  Information  at  Air  Force  level  for  planning  and 
budgeting  personnel  cost  and  allocation  of  manpower  resources. 

Visibility  and  Management  of  Operating  and  Support  Costs  (VAMOSC)  - 

Purpose  of  VAMOSC 


The  AFLC  H036  System,  a  portion  of  VAMOSC,  provides  depot 


maintenance  cost  data  which  are  Input  to  Air  Force  for  inclusion  in  the 
Air  Force  level  OSCR.  The  VAMOSC  System  is  still  undergoing  development 
and  is  currently  identified  as  H03&C.  The  stated  purpose  of  this  system 
is  to  "collect  on  a  quantity  basis,  Depot  Maintenance  Costs,  Depot 
Management  and  Supply  Costs,  and  A! rcraft/Miss ( le  Inventory  and  utiliza¬ 
tion  data.  These  data  are  used  to  produce  total  and  unit  cost  of  operation 
and  maintenance  of  Weapon  Systems." 

VAMOSC  Input  Interfacing  Systems  - 

The  input  interfacing  systems  are: 

1.  D04l,  Recoverable  Consumption  Item  Requirements  System 

2.  G033J,  Past  Program  Data  System 

3.  G3II,  AF  Level  AVISURS  Reporting  System 

A.  H036B,  DMIF  Cost  Accounting  Production  Report  (AFLC) 

5.  H069,  General  Accounting  System  -  Base 

6.  K004,  Development  of  Program  Data  for  Consumption  Item 

Requirements  Computation  (input  to  D04I) 

A  general  system  flow  process  is  presented  in  Figure  5.  The 
prescribing  directives  for  this  system  are  PMD  A-7067  and  ACR-H77“5,  neither 
of  which  could  be  obtained. 

Operating  and  Support  Cost  Report  (OSCR)  -  Air  Force  Level  - 

The  OSCR  merges  the  total  operating  and  support  cost  data  for 
Weapon  Systems  by  MDS.  Since  this  system  is  undergoing  development,  it 
was  very  difficult  to  obtain  its  current  status.  In  addition,  formalized 
documentation  (regulations/manuals)  describing  the  system  could  not  be 
located.  The  OSCR  System  Design  Schematic  is  presented  in  Figure  5.  A 
general  system  flow  process  for  the  development  of  depot  maintenance  cost 
data  is  reflected  in  Figures  6  and  7,  with  the  attendant  matched  and  un¬ 
matched  files  identified.  Informal  discussions  with  AFLC  personnel  indi¬ 
cated  that  Figures  5,  6  and  7  are  basically  a  fair  representation  of 
the  system.  The  output  shown  in  Figure  7  is  used  as  input  by  Headquarters 
USAF  to  produce  OSCR  outputs  shown  In  Figure  8,  Figure  8  shows  the  type 
data  provided  for  each  aircraft  type  for  a  given  year. 
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Figure  6.  Operating  and  support  cost  report 
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USAF  COST  AND  PLANNING  FACTORS  (AFR  1 73- 10) 


The  VAMOSC,  of  which  OSCR  Is  a  part,  Is  used  to  update  the  cost  and 
planning  factors  contained  in  AFR  1 73~  10.  as  is  the  base  level  MCS  data. 
Currently  AFR  1 73“ 1 0  provides  the  only  source  for  certain  data  elements 
required  for  Input  to  the  CACE  Model  for  estimating  LCC. 

Cost  factors  from  AFR  I 73~ • 0  have  also  been  used  successfully  to 
develop  CERs  for  cargo/transport  aircraft  for  estimating  Base  Material 
Cost,  Replenishment  Spares  Cost,  Replacement  Common  Support  Equipment 
and  Spares  Cost,  Base  Level  Fuel  and  Oil  Costs,  Initial  Base  Level  Support 
Equipment  (formerly  AGE)  Costs  and  Base  Level  Support  Equipment  Mainten¬ 
ance  Cost  (In  terms  of  MMH/FH). 

LOGISTICS  SUPPORT  ANALYSIS  (LSA)  -  Ml L-STD- I  388- I 

The  data  recording  and  documentation  requirements,  resulting  from 
the  application  of  Ml L-STD- 1 388- 1 ,  Is  one  of  the  most  valuable  sources 
of  information  identified  in  this  research.  The  accumulation  of  these 
data  during  future  acquisition  programs  will  aid  In  the  development  of 
a  historical  data  base  needed  to  fully  support  the  acquisition  process 
in  conjunction  with  other  historical  data  such  as  AFM  66-1  and  MCS  data. 
This  data  system  will  permit  the  assessment  of  R&M  predictions,  alloca¬ 
tions,  demonstrations,  and  field  performance  (after  deployment),  from 
the  early  development  phase  throughout  the  life  of  the  vehicle.  This 
capability  does  not  currently  exist  in  sufficient  numbers  of  aircraft 
to  represent  an  adequate  data  base. 

The  application  of  Integrated  Logistics  Support  (ILS),  and  the 
development  of  a  common  data  base  to  serve  both  the  "designer"  and  the 
"Improver"  were  recommended  In  attachments  to  the  Memorandum  from  the 
Vice-Chief  of  Staff,  Subject:  Institutionalization  of  Life  Cycle  Cost 
and  Other  Considerations  In  Program  Management,  dated  23  January,  1978. 

A  common  historical  data  base  developed  from  the  prescribed  LSARs  by 
Ml L-STD- 1 388- I ,  could  best  serve  the  purpose  stated  In  the  referenced 
memorandum.  This  study  failed  to  Identify  an  existing  directive  to 
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require  the  application  of  Ml L-STO- 1 388- I  to  major  procurement  programs. 

It  is  understood,  however,  that  AFR  800-3  is  currently  undergoing  revision 
and  will  require  the  application  of  M I L-STO- 1 388- 1  on  ail  major  programs. 

SYSTEM  EVALUATION  DATA  SYSTEM  (SEDS) 

The  SEDS  is  operated  by  the  Air  Force  Test  and  Evaluation  Center 
(AFTEC)  at  Edwards  Air  Force  Base,  California.  This  system  is  primarily 
designed  to  capture  operational  and  maintenance  data  generated  during 
the  Category  II  Flight  Test  Program.  The  source  document  for  maintenance 
data  collection  is  the  AFSC  Form  258.  The  AFSC  Form  258  contains  ail  of 
the  data  elements  that  are  recorded  on  the  AFTO  Form  3^*9.  plus  additional 
information  relative  to  the  adequacy  of  the  Support  Equipment,  Technical 
Data,  and  up  to  three  specific  Air  Force  Specialty  Codes  for  trouble¬ 
shooting  and  repair.  For  failure  removals,  the  failed  item  noun  and 
manufacturer's  code,  next  assembly  part  number,  next  assembly  serial 
number,  next  assembly  noun,  and  next  assembly  manufacturer's  code  is  also 
captured.  Operational  time  at  failure,  severity  of  the  failure,  type 
failure,  analysis  required,  and  disposition  of  the  failed  item  are 
reported.  The  total  downtime  associated  with  removal  or  repair  actions 
are  recorded  and  separated  into  troubleshoot  time  and  repair  time.  The 
SEDS  utilizes  these  data  from  the  AFSC  Form  258.  In  addition,  SEDS  uses 
the  standard  data  elements  recorded  on  the  AFTO  Form  3^9  for  the  AFM  66-1 
MDCS  with  the  exception  of  start  and  stop  time,  crew  size,  employee 
number,  and  data  used  only  In  MCS. 

The  SEDS  generates  similar  reports  relative  to  maintenance  as  are 
produced  at  base  level  from  the  MDS.  There  are  some  differences  in  report 
formats  (such  as  active  maintenance  downtime,  elapsed  time  per  task,  and 
mean  crew  size)  which  do  not  appear  in  any  of  the  MDS  reports.  The  SEDS 
data  base  is  used  to  evaluate  and  verify  the  achievement  of  R  and  M  re¬ 
quirements,  or  goals,  during  the  Category  II,  Verification  Test  and 
Demonstration.  The  only  documented  description  of  this  system  that  our 
research  identified  was  SAMSO-TR-69-239 ,  August  1969,  in  two  volumes: 

SEDS  -  System  Effectiveness  Data  System;  Volume  I,  Management  Analysis  and 
Program  and  Volume  II,  User  Documentation  and  Implementation  Instructions. 


SECTION  III 


AFLC  DATA  BASES 
GENERAL 

This  section  identifies  Important  ancillary  data  base  develop¬ 
ments  that  were  not  addressed  in  Section  II.  The  AFM  66-1  MDCS  iden¬ 
tified  in  Section  II  is  the  primary  source  of  historical  data  that  are 
useful  and  usable  in  the  design  process.  These  data,  properly  utilized, 
can  greatly  assist  in  design  decision  making  where  Logistics  Support, 

R&M  and  O&S  costs  are  major  considerations  or  are  used  as  trade-offs  with 
design  performance  characteristics.  The  DO  5 6  system  provides  the  largest 
data  base  in  terms  of  types  of  equipment  for  almost  any  time  period  of 
interest.  The  data  are  stored  on  magnetic  tape  and  can  be  processed  by 
AFLCs  existing  programs  and  equipment. 

There  are  two  other  existing  data  base  developments  that  are  or 
could  be  utilized  to  Influence  design  and  development  of  future  systems 
and  equipment.  These  are  the  integrated  Logistics  Data  File  (D  19*0  and 
the  Special  Purpose  Data  Bases  of  AFLC. 

INTEGRATED  LOGISTICS  DATA  FILES 

In  addition  to  the  DO  56  data  base,  at  least  four  unique  Integrated 
Logistics  Data  Files  (ILDF)  have  been  developed  as  a  part  of  the  D  194 
system.  The  four  files  for  the  A-10,  B-l,  F-16  and  F- 1 5  are  identified 
as  D  I94A,  D  I94B,  D  I94C  and  D  I94D,  respectively.  The  basic  D  194  system 
currently  under  development  Is  intended  to  be  applicable  to  any  aircraft 
in  future  procurements.  This  will  eliminate  the  need  to  establish  a 
unique  file  for  each  aircraft  as  has  been  done  previously.  A  review  of 
the  data  elements  used  by  this  system,  however,  Indicates  that  the  D  194 
is  not  being  designed  around  the  requirements  of  Ml L-STD- 1  388- I . 

The  D  194  has  a  total  of  388  data  elements  identified,  of  which  232 
are  contractor  generated  and  156  are  AFLC  in-house  data  elements.  The 
system  is  being  designed  to  provide  the  following: 
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Support  Equipment  Requirements  end  Status 
Engineering  Change  Proposal /TCTO  and  Kits  Requirements/ 

Status 

Spares  Support  Requirements 

Preservation,  Packing  and  Shipping  Information 
Projected  Depot  Level  Maintenance  Workload  Informat 'on 
Technical  Order  Status  and  Delivery  Information 

Delivery  schedule  Information  Is  Included  for  each  of  the  categories 
Input.  The  portion  missing  from  the  D  194,  which  Is  essential  to  a 
Human  Resources  Unified  Data  Base,  Is  R,  M,  operations  task  analysis, 
and  facilities  Information. 


SPECIAL  PURPOSE  DATA  BASES 


AFLC  data  systems  developed  to  support  specific  requirements  are 
identified  below  by  DSD  number,  title  and  status.  A  brief  description 
of  the  use  of  each  data  base  Is  provided. 


DSD  Number 
A00 1 


AOOIA 


A00IB 


F- 1 6  Avionics  Integration  Support  Facility  System. 
Status:  Under  Development 

Use:  Provides  software  for  F- 1 6  avionics  Operational 
Flight  Program  (OFP)  and  OOALC  avionics  Integration  and 
support  facility.  Consists  of  OFP  tape  generation, 
simulations,  data  reduction  and  analysis. 

Utility  Software  Support  F- 1 6  Avionics  Operational 
FI  I ght  Program. 

Status:  Under  development 

Use:  To  conduct  Real-Time  Dynamics  Simulation 
Testing  of  OFP  to  verify  software. 

F-16  Postflight  Test  Data  Reduction  and  Analysis. 

Use:  Reduction  of  data  collected  by  test  aircraft 
giving  printout  and  data  tape  to  engineering  units 
to  evaluate  Navlgat lon/AI r  Combat  Maneuvering  etc. 
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A 105 


A0I5A 


AO  I  5B 


A022 


A0A7F 


Utility  Software  Support  F-l*  Avionics  Operational 
FI  Ight  Programs. 

Status:  Under  development 

Use:  Provides  software  for  R/RF-A  Avionics  OFP 
and  OOALCs  Avionics  and  Integration  Support  Facility 
(AFIF-4).  Consists  of  OFP  tape  generation,  simu¬ 
lations,  data  reduction,  and  analysis. 

Dynamic  Simulation  Area  Post  Computer  Software 
Support. 

Status:  Under  development 

Use:  Used  to  conduct  real  time  dynamic  simula¬ 
tion  testing  of  OFP  to  verify  software.  Largely 
independent  of  the  avionics  Interface. 

F/RF-1*  Avionics  Support  Postflight  Test  Data 
Reduction  and  Analysis. 

Status:  Under  development 

Use:  Reduction  of  data  collected  by  F-I*F  and 
RF-4C  test  aircraft  giving  printout  and  data 
tape  to  engineering  units  to  evaluate  navigation, 
air,  combat  maneuvering.  Long  range  alr-to-alr 
intercepts  and  air-to-ground  weapon  release. 

Non-Nuclear  Munitions  Environmental  Test  Data 
Reduction • 

Status:  Operational 

Use:  Reduces  data  coll  acted  from  live  tests  of 
non-nuclear  air  munitions  to  meaningful  products 
that  portray  effectiveness. 

Maintenance  Information  Logically  Analyzed  and 
Presented  (MILAP). 

Status:  Operational 

Use:  MILAP  is  time  oriented  maintenance  system. 

The  modular  subsystem  structure  of  MILAP  facilitates 
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A354 


B020 


B456 


C004 


changes/modifications  with  minimal  disruption  to 
the  existing  system. 

F- I  I  I  OFP 

Status:  Operational 

Use:  This  system  aids  Mission  Programming  organiza¬ 
tions  In  preparing  and  correcting  F- 1  I  I  OFP  and  Is 
used  to  analyze  F- 1  I  I  flight  data  recorded  during 
flight  testing  and  dynamic  simulations.  The  OFPs 
are  used  to  control  the  three  onboard  digital  computers 
that  are  utilized  in  the  MARK  II  Avionics  System. 

These  systems  are  recorded  on  punched  tape  and  loaded 
Into  the  computer  cores.  Mission  Programming  rganlza- 
tlons  write  the  OFPs  In  assembly  languages  which  are 
translated  to  object  code. 

Scientific  Data  Processing. 

Status:  Operational 

Use:  This  data  system  Is  applicable  to  all  research 
and  development  applications  programmed  to  run  on 
computer  systems.  OOALC,  as  host  to  the  6514th  Test 
Squadron,  uses  this  system  In  support  of  the  remotely 
piloted  vehicle  test  program. 

Systems  Effectiveness  Data  System. 

Status:  Operational 

Use:  A  set  of  computer  programs  designed  to  assist  in 
the  analysis  of  reliability  and  maintainability  data. 
The  Quantitative  Reliability  Programs  provide  non- 
parametrlc  statistics. 

Air  Force  Equipment  Allowance  Management  System. 

Status:  Under  development 

Use:  Provides  for  automation  of  the  Support  Equipment 
Allowance  Program  and  establishment  of  an  Interactive 
capability  to  furnish  reliable,  correlated  and  timely 
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data  to  att  Air  Force  activities  worldwide.  Maintains 
allowance  data  for  all  Items  of  support  equipment  that 
are  technically  of  functionally  required  to  maintain, 
repair,  overhaul,  test  or  calibrate  any  weapons  system, 
subsystem,  end  Item,  function  or  mission  within  the 
Air  Force.  This  is  a  prototype  system  which  will  be 
service  tested  and  evaluated.  If  successful  and 
approved,  will  replace  present  COOIE  System. 

Support  Equipment  Acquisition  and  Control  System. 

Status:  Operational 

Use:  Provides  Support  Equipment  item  management 
information  to  support  a  given  weapon  system  from 
acquisition  to  initial  lay-ln  before  need  date. 

Automatic  Test  Equipment  (ATE)  Data  Bank. 

Status:  Operational 

Use:  ATE  data  bank  provides  a  tool  to  Identify  existing 
ATE  which  has  the  capability  to  satisfy  a  given  set 
of  electrical  test  requirements  for  existing  or  new 
weapons  system.  Defined  test  requirements  for  a  un I t 
under  test  are  coded  and  read  by  the  computer  program 
which  compares  the  test  requirements  for  the  unit  under 
test  (that  Is,  the  Line  Replaceable  Unit  (LRU)  and  Shop 
Replaceable  Unit  (SRU)  with  ATE  testing  capability  for 
the  ATE  systems  In  the  data  bank.  System  Is  used  by 
the  ATE/SM  at  SAALC. 

Propulsion  Unit  Data  Collection  Status  Reporting  (AFM 
1*00-1)  • 

Status:  Operational 

Use:  Accomplishes  data  collection,  file  maintenance  and 
evaluation  for  all  DO  24  Systems  except  D024L. 

Propulsion  Unit  Actuarial  Experience  Computation. 
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Status:  Operational 

Use:  Tabulates  engine  exposures  and  removals,  computes 
hours  flown  per  failure  to  failure  rates  experienced 
during  the  period,  and  computes  new  official  overhaul 
rates. 

Propulsion  Unit  Actuarial  Forecast  Computations. 

Status:  Operational 

Use:  Forecasts  engine  removals  and  replacement  require¬ 
ments  by  applying  computed  actuarial  failure  rates  to 
projected  Installed  engine  Inventory  by  age  Interval  and 
cycle. 

Recoverable  Consumption  Item  Requirements  System. 

Status:  Operational 

Use:  System  computes  replenishment  requirements  for 
recoverable  items.  Accomplishes  strati  fleet  ion  products 
for  preparation  of  budget/apportionment  submissions: 
computes  war  readiness  requirements. 

Propulsion  Unit  Diagnostics  and  Conditioning  Monitoring. 
Status:  Under  development 

Use:  Maintain  engtne/module  performance,  history,  tables 
and  analysis  of  al rborne/ground  diagnostics  system  reli¬ 
ability.  Maintain  engine/module  spectrometrlc  oil 
analysis  programs  and  bore  scope  history. 

Master  Item  identification  Control  System 
Status:  Operational 

Use:  Central  repository  of  Air  Force  material  identiflca 
tlon  and  supply  management;  generates  and  releases  stock 
list  changes  based  on  DIDs  approved  changes. 

Reliability  Improvement  Warranty  Performance  Evaluation 
Status:  Under  development 

Use:  Provides  Automated  Data  Processing  (ADP)  support 
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to  AFLC  activities  Involved  In  validation  of  Reliability 
Improvement  Warranty  (RIW)  Contractor  Performance.  Com¬ 
piles  statistical  data  to  support  follow-on  Logistics 
Support  Planning  and  produces  periodic  reports  for  analysis 
and  evaluation  of  the  RIW  concept. 

Actuarial  Program  for  Selected  Items. 

Status:  Operational 

Use:  System  collects,  maintains  and  reports  usage  and 
failure  data  on  high  cost  or  critical  serialized  com¬ 
ponents  Identified  by  the  system  manager  for  actuarial 
studies. 

Microfilm  Mechanized  Engineering  Data  for  Automated 
Logistics  Systems. 

Status:  Operational 

Use:  Provides  ALCs,  Air  Force  Bases,  and  stations  with 
engineering  data  required  to  support  their  mission 
through  the  medium  of  microfilm  aperture  cards  (PCAM 
System).  Engineering  Data  Requisition  and  Index  System, 

DAR  L0G-MM0/D7**- 1 00 ,  If  approved,  will  replace  D060. 

Mechanized  Support  Items  List. 

Status:  Under  Development 

Use:  Support  of  F- 1 5  Weapon  System  Manager  to  accomplish 
provisioning,  management  Information,  and  historical 
information  storage  and  retrieval. 

AFLC  Provisioning  System. 

Status:  Under  development 

Use:  A  management  system  for  determining  and  acquiring 
the  range  and  quantity  of  spare/repair  parts  necessary 
to  support  the  equipment  for  an  Initial  operational 
support  period. 
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Technical  Training  Management  Information  System 
(TRAMIS) . 

Status:  Operational 

Use:  TRAMIS  Is  an  automated  technical  training 
subsystem  of  the  Advanced  Personnel  Data  System  (ADPS) 
to  provide  capabilities  for  central  control  of  re¬ 
quirements  and  allocations  of  training  quotas  for  all 
Air  Training  Command  (ATC)  technical  training  courses 
from  a  central  training  quota  bank. 

F-776  Computer  Directed  Training  System  (CDTS) 

Status:  Operational 

Use:  A  system  defined  as  using  the  capabilities  of  a 
computer  to  present  Instructional  material  to  trainees 
who  Interact  via  a  remote  terminal  device.  The  system 
Is  currently  operated  as  an  on-line  B3500  System. 

G008  Solid  Propellant  Rocket  Motor  Test  System 

Status:  Operational 

Use:  The  system  acquires  and  reduces  data  derived  from 
the  testing  of  rocket  motors  and  explosive  components. 

The  reduced  data  are  used  for  engineering  evaluation  of 
service  life  extension  and  weapon  system  modification. 

G0I2  Computation  Support  For  CREATE  Engineer  Computations 

Status:  Operational 

Use:  This  is  a  time-sharing  system  to  support  workloads 
of  the  engineers  and  technicians  of  AFLC.  This  Includes 
engineering  design,  both  computational  and  logical  selection 
techniques;  Information  retrieval  such  as  creation,  storage 
and  access  of  data  banks;  analysis  of  engineering  problems 
to  determine  current  performance, past  trend  and  future 
projections;  reliability  techniques;  and  mathematical, 
physical,  and  social  sciences  as  they  relate  to  engineering 
Integrated  systems. 


58 


Computation  Support  For  CREATE  Logistics  Research. 

Status:  Operational 

Use:  This  is  a  time-sharing  system  to  support  logistics 
research  workloads  which  includes:  programming,  debugging 
and  testing  mathematical  and  simulation  models  of  logis¬ 
tics  processes  and  procedures;  performing  statistical, 
graphical,  and  other  analysis  of  collected  historical 
data;  and  providing  computational  support  for  the  applica¬ 
tion  of  various  Operations  Research,  Mathematical  and 
Statistical  Techniques. 

Material  Improvement  Project  (MIP)  Status  Report. 

Status:  Operational 

Use:  The  material  Improvement  project  system  provides 
for  the  processing  of  status  records  on  MIPs  established 
as  a  result  of  deficiencies  reported  on  Air  Force  equip¬ 
ment  in  accordance  with  T.O.  00350-5**  and  AFM  66-1. 

Automatic  Test  Equipment  Support. 

Status:  Operational 

Use:  This  system  provides  computer  aided  support  to 
Mission  Programming  organizations  during  preparation 
of  correction  of  ATE  test  programs.  Also  maintenance 
of  ATE  support  software  used  to  develop  or  compile 
test  programs.  System  is  currently  being  supported 
on  various  computers  at  the  ALCs  and  at  AGMC  on 
360/50  and  B3500.  RJE  terminals  to  be  linked  to 
00ALC  360/65  from  each  ALC  are  being  acquired  as  the 
standard  computer  equipment  to  support  the  ALCs  ATE 
requirements.  AGMC  Support  will  continue  on  360/50/B3500. 

C-5  Malfunction  Detection  Analysis  and  Recording  System  - 
Ground  Processing  Segment  (MADARS/GPS) . 

Status:  Operational 
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Use:  System  provides  Inflight  aircraft  status  and 
trouble  shooting  Information  while  generating  a  per¬ 
manent  record  of  LRU  status.  MADARS  shows  current 
performance  of  selected  systems,  performs  engine 
health  diagnosis,  Identlflas  discrepant  LRUs,  records 
trend  data,  determines  Its  C-5A  health,  calibrates 
the  total  monitoring  system  and  provides  for  data 
storage  and  retrieval.  A  ground  computer  system 
process  inflight  data  recorded  on  tapes,  evaluates 
the  trend  data,  and  develops  programs  to  utilize  the 
experience  data. 

G086A  Individual  Aircraft  Service  Life  Monitoring  Program. 

Status:  Operational 

Use:  System  Is  designed  to  process  individual  aircraft 
flight  utilization,  transcribed  manually,  describing 
mission  profiles.  Data  are  key  punched  and  processed, 
fatigue  damage  Is  calculated  based  on  damage  rate  tables 
obtained  from  cyclic  test  results.  Information  which 
reflect  individual  aircraft  fatigue  damage  by  serial 
number  is  produced  for  use  by  the  Aircraft  Structural 
Integrity  Program  (ASIP)  to  schedule  Inspections, 
repairs/modifications  or  phase  out  of  the  aircraft. 

G086B  Service  Loads  and  Life  History  Recorder  Program. 

Status:  Operational 

Use:  System  Is  designed  to  process  flight  recorder  data 
reflecting  aircraft  operational  flight  conditions.  Data 
are  used  to  assess  the  validity  of  the  aircraft  operational 
environment  and  associated  loads  which  were  used  initially 
to  perform  parametric  analyses  and  to  develop  damage  co¬ 
efficients.  Data  are  collected  via  several  different  air¬ 
borne  recorder  systems. 

G086C  Exceedance  Counter  Program. 

Status:  Operational 
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Use:  System  utilizes  date  collected  from  aircraft 
equipped  with  G-load  counting  systems.  Data  are 
collected  by  ground  personnel  after  each  flight 
or  a  specified  time  period  and  sent  to  OCALC  for 
editing  and  processing.  Fatigue  damage  is  calculated 
and  Information  produced  for  use  by  the  ASIP. 

G086D  ASIP  For  Landing  Gear. 

Status:  Operational 

Use:  System  is  designed  to  provide  fatigue  damage 
information  on  landing  gear  components.  This  Is 
accomplished  by  collecting  recorder  data,  reducing  the 
data  to  define  landing  spectrums  and  computing  fatigue 
damage  at  critical  points  by  mission  segment.  Mathematical 
analysis  of  reduced  recorder  data  and  fatigue  damage  are 
accomplished  to  provide  management  data. 

G089  Damage  Tolerance  Analysis. 

Status:  Under  development 

Use:  Provides  for  use  of  a  series  of  batch  programs  to 
Isolate  critical  areas  in  an  aircraft  structure  and 
predict  crack  propagation  rates  for  a  given  operating 
environment.  One  of  those  programs  will  also  provide 
ALC  System  Managers  with  an  analysis  of  complex  general 
structure  problems  as  they  occur. 

G095  Flight  Safety  Prediction  Technique. 

Status:  Operational 

Use:  Provides  a  means  to  assess/determine  the  safety  of 
aerospace  systems  before  accidents  occur. 

G097  Elapsed  Time  Indicator/Event  Counter  Data  Collection  and 

Utl 1 1 zat ion 
Status:  Operational 

Use:  To  collect  and  assimilate  data  from  which  true 
causes  of  failure  of  elapsed  time  Indicator/even  counter 


I 


61 


equipped  I  terns  can  be  determined/developed  and  operated 
only  at  OCALC. 

G337  Cyclic  Reporting  and  Fatigue  Tracking  -  F-100  Engine 

Modules. 

Status:  Operational 

Use:  This  system  provides  cyclic  reporting  and 
fatigue  tracking  for  F-100  engine  modules  and 
selected  1 ! f e- 1 1  mi  ted  engine  components. 

Each  of  these  systems  provides  a  source  of  Information  and  each  has  estab¬ 
lished  a  historical  file  of  the  type  of  data  the  system  was  designed  to 
process.  As  previously  stated,  the  Identification  of  data  that  are  useful 
and  usable  in  the  design  process  Is  largely  dependent  upon  Individual  judge¬ 
ments.  The  systems  identified  are  not  all  of  the  systems  operated  by  AFLC. 
They  represent  those,  In  our  judgement,  that  may  provide  the  most  useful 
Information  to  the  design  engineer.  Herein  would  appear  to  be  a  major  step 
toward  the  "bridge"  between  the  AFSC  design-oriented  engineers  and  the 
AFLC  System  improvement  engineers  (Reference  Department  of  the  Air  Force 
Memorandum  for  Vice-Chief  of  Staff,  Subject:  Institutionalization  of  Life 
Cycle  Cost  and  Other  Logistics  Considerations  In  Program  Management,  dated 
23  January  1978).  The  data  systems  described  are  obviously  sy  .terns- Improve¬ 
ment  oriented.  These  systems  collectively  provide  an  invaluable  source  for 
"lessons  learned"  In  terms  of  good  performance  versus  poor,  or  high  versus 
low  LSC  for  weapons  systems,  subsystems  and  components.  These  systems  are 
in  addition  to  the  primary  data  systems  such  as  the  DO  56,  KO  51,  H036B, 

H-129  and  OSCR. 

AFALD  PAMPHLET  800-A 

The  most  recent  data  base  development  was  accomplished  by  the  Air  Force 
Acquisition  Logistics  Division  (AFALD),  and  the  data  base  contents  were 
published  In  AFALD  PAMPHLET  800-A,  Acquisition  Management  Aircraft  Historical 
Reliability  and  Malntainabi 1 1 ty  Data  ,  dated  September  1978. 

The  data  were  compiled  for  the  majority  of  the  aircraft  currently  In  the 


Atr  Force  inventory  covering  a  6  year  period  (except  those  entering  the 
Inventory  during  the  period  covered)  from  I  April  1972  through  31  March 
1978.  The  data  are  presented  at  the  two-digit  work  unit  code  level  in 
six  month  increments  by  type  aircraft  using  the  standard  MDS  groupings. 
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SECTION  IV 


MAJOR  DATA  SOURCES  OTHER  THAN  AIR  FORCE 
GENERAL 

It  sometimes  becomes  difficult  to  distinguish  between  a  data  source 
and  a  program  that  has  been  developed  to  process,  analyze,  Integrate, 
and  reformat  data  from  other  data  systems  to  serve  a  specific  need.  The 
information  provided  as  output  from  such  programs  could  be  considered  a 
data  source  if  the  Information  is  useful  and  usable  to  the  design  process. 

The  programs  identified  in  this  section  were  developed  to  support 
specific  needs  as  a  part  of  recent  data  base  development  efforts.  Each  of 
these  programs  represent  some  form  of  a  data  base  and  could  be  drawn  upon 
as  a  data  source  if  and  when  needed. 

ARMY  DATA 

THE  ARMY  MAINTENANCE  MANAGEMENT  SYSTEM  (TAMMS) 

TAMMS  is  very  similar  to  the  Air  Force  MDCS.  Although  the  forms  used 
to  record  the  maintenance  data  are  different  from  the  AFTO  Form  3^9,  the 
data  elements  used  are  comparable  except  for  the  Air  Force  MCS  do  elements. 
The  TAMMS  collects  data  on  most  equipment  maintained  by  the  Army.  Recently 
however,  the  reporting  of  organizational  level  (unit  level)  maintenance  has 
been  eliminated  on  equipment  other  than  aircraft.  Complete  reporting  for 
aircraft  maintenance  is  still  required.  On  equipment  other  than  aircraft, 
only  intermediate  and  depot  level  maintenance  is  reported. 

All  TAMMS  data  worldwide  is  processed  at  the  Army  Maintenance  Manage¬ 
ment  Center,  Lexington  Bluegrass  Army  Depot,  U.S.  Army  Material/Development 
and  Readiness  Command  (DARCOM) ,  Lexington,  Ky. 

At  the  organizational  level,  the  Army  has  Implemented  a  sampling  pro¬ 
gram  to  obtain  maintenance  data  on  selected  equipment.  The  objective  of 
this  program  is  to  obtain  the  data  required  to  assess  the  performance, 
effectiveness,  reliability,  maintainability,  availability,  lifecycle 
cost  and  support  of  the  equipment  selected  for  sampling.  Reporting  under 
Sample  Data  Collection  (SDC)  is  In  accordance  with  Army  Regulation  750-37. 
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LOGISTICS  SUPPORT  ANALYSIS  COMPUTERIZED  PROGRAM 


In  addition  to  the  TAMMS,  the  Army  has  developed  a  very  compre¬ 
hensive  Logistics  Support  Analysis  Computerized  Program  designed  around 
the  requirements  of  Ml L-STD- I  388- I .  This  system  will  accept  and  process 
all  data  required  to  complete  the  LSARs  In  the  formats  prescribed  by 
Ml L-STD- 1  - 1  388- I ,  data  sheets  A  through  H.  The  Army  Material  Command 
(AMC)  Guide  to  Logistics  Analysis, AMC  Pamphlet  780-16,  describes  the 
LSA/LSAR  Procedures.  The  Air  Force  Is  currently  using  the  Army  LSA/LSAR 
Program  on  ten  (10)  major  weapon  system  acquisition  programs.  Each  of 
these  systems  represent  a  valuable  source  of  data  for  the  establishment  of 
a  historical  data  base  to  be  used  In  the  comparability  analysis  of  future 
procurement  of  comparable  or  similar  systems,  subsystems  and  components. 

Of  particular  value  Is  the  task  analysis  and  support  equipment  requirements 
generated  through  the  contractor's  LSA/LSAR' s. 

NAVY  DATA 

NAVAL  AVIATION  MAINTENANCE  PROGRAM  (NAMP) 

The  Navy  Maintenance  Data  System  Is  the  most  complex  and  detailed  of 
the  three  services.  The  NAMP  System  Is  described  In  Navy  Manual  OPNAVINST 
A790-2A,  Volumes  I,  II  and  III.  Volume  I  outlines  policies,  concept, 
organization,  and  responsibilities.  Volume  II  contains  the  Maintenance 
Support  Procedures,  and  Volume  III  Includes  the  detailed  recording  and 
reporting  instructions,  record  formats,  and  codes.  The  Navy  System,  as 
the  Army  TAMMS,  does  not  collect  crew  size  Information.  It  does  collect 
Elapsed  Maintenance  Time  (EMT)  ,  and  task  man-hours.  The  crew  size,  there¬ 
fore,  can  be  derived  by  dividing  the  MMH/Task  by  the  EMT.  The  elapsed 
task  time  and  crew  size  Information  Is  significant  for  maintainability 
analysis.  This  provides  a  capability  to  distinguish  between  maintain¬ 
ability  characteristics  and  reliability  (frequency  at  which  the  maintenance 
must  be  performed).  Given  that  accessibility  Is  not  a  problem,  the  mean 
elapsed  task  time  and  crew  size  describe  the  maintainability  characteristics 
as  opposed  to  the  MMH/FH  which  also  Includes  reliability  (the  frequency 
of  the  maintenance  performed).  Maintenance  man-hours  per  flight  hour, 


therefore,  Is  not  a  measure  of  the  maintainability  characteristics  but 
is  more  accurately  an  index  of  both  the  maintainability  and  reliability 
characteristics. 

VAMOSC  AIR 

The  Navy,  as  has  the  Air  Force,  developed  a  VAMOSC  AIR  (Visibility 
and  Management  of  Support  Costs)  for  obtaining  total  air  vehicle  operating 
costs  data  and  Is  applicable  to  both  Navy  and  Marine  Corps  aircraft  weapons 
systems  by  type/node  I /ser les  (T/M/S).  There  are  two  Independent  data  bases 
In  the  VAMOSC  AIR:  The  Total  Support  System  (TSS)  and  the  Maintenance 
Subsystem  (MS). 

Total  Support  System  (TSS) 

The  TSS  uses  a  top-down  approach  which  develops  selected  costs  of 
ownership  of  Individual  aircraft  by  T/M/S  (for  example  the  F-I^A)  to 
the  extent  that  current  reporting  systems  allow.  Thirteen  data  sources, 
Including  seven  which  provide  data  manually  on  hard-copy  forms,  are  Input 
to  the  TSS.  The  cost  data  are  presented  In  six  major  categories,  and 
summarized  Into  T/M/S  total. 

Maintenance  Subsystem  (MS) 

The  MS  uses  the  bottoms-up  approach  which  addresses  direct  main¬ 
tenance  and  material  costs  by  Individual  T/M/S.  These  costs  are  aggre¬ 
gated  at  the  aircraft  system  (two  digit  WUC  level)  for  summary  reports. 

For  example,  summary  reports  provide  costs  displayed  by  the  airframe, 
fuselage,  landing  gear,  flight  controls,  etc.,  for  the  F- 1 4A . 

PURPOSE/UTILITY  OF  VAMOSC  AIR 

VAMOSC  AIR  was  established  under  the  guidelines  of  the  DOD  Management 
by  Objectives  Programs  of  FY  75  (Objective  3,  Action  12)  and  FY  7b 
(Objective  9,  Action  2) .Each  service  was  directed  to  develop  and  Implement 
a  cos t-ef feet  I ve  system  to  do  the  following  things: 

I.  Identify  maintenance  and  operations  costs  by  weapon 
system 


2.  Demonstrate  the  utility  of  service-developed  operating 
and  support  Information  for  weapon  system  acquisition 

and  logistics  planning  decisions  using  existing  data  sources. 

3.  To  be  more  detailed  for  the  maintenance  function. 

While  there  undoubtedly  will  be  differences  in  the  experience  data  from 
the  Army  TAMMS  and  Navy  NAMP  Systems  due  to  operational  concepts, 
maintenance  policies,  and  environment,  these  data  sources  should  not  be 
discounted  for  their  value.  Action  should  be  taken  to  obtain  histories 
on  aircraft  currently  in  service  as  a  part  of  the  historical  data  base 
to  support  the  acquisition  process  in  the  Air  Force.  Such  data  could  be 
extremely  useful  in  determining  factors  for  adjusting  for  differences 
in  environments,  geographical  locations,  and  maintenance/operational 
concepts  and  policy. 

COMMERCIAL  AIRCRAFT  MAINTENANCE  COST  DATA 

Direct  operating  cost  data  for  commercial  aircraft  are  available 
from  various  sources,  the  prime  source  being  the  Civil  Aeronautics  Board 
(CAB)  Form  4l  data.  The  CAB  data  base  Is  an  on-line  data  base  available 
to  all  users  of  the  Sharp  APL  System,  I.P.  Sharp  Associates,  who  prepare 
the  operating  cost  data  summaries  published  periodically  in  Aviation  Week 
and  Space  Technology  on  a  quarterly  basis. 

CIVIL  AERONAUTICS  BOARD  FORM  4 1 

CAB  Form  41  reports  are  submitted  to  the  CAB  in  Washington,  D.  C.  by 
all  U.  S.  air  carriers  on  a  monthly  and  quarterly  basis.  The  data  are  com¬ 
prised  of  the  balance  sheet,  expense,  revenue  and  traffic  statistics  by 
type  of  aircraft,  type  of  service,  and  airport,  of  over  60  carriers  in 
considerable  detail.  In  all,  there  are  about  300,000  time  series  associated 
with  the  data  base,  and  it  occupies  about  25  million  bytes  of  disc  storage. 

While  the  commercial  operating  cost  data  cannot  be  directly  related 
to  Air  Force  operating  cost  data,  relative  comparisons  can  be  made.  Some 
of  the  problems  associated  with  comparing  operational  support  costs  between 
commercial  and  military  aircraft  are  presented  in  detail  in  Air  Force  Flight 
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Dynamics  Laboratory  (AFFDL)  reports  AFFDL-TR-75-64 ,  July  1975  and  AFFDL - 
TR-75" Ht7,  April  1976.  The  data  does  not  exist,  however,  and  should  not 
be  ignored  as  an  existing  data  source. 

A 1 RFRAME/ENG I NE/AV IONICS  MANUFACTURERS 

Each  manufacturer  has  developed  a  data  base  for  use  In  performing 
reliability,  maintainability,  trade  studies,  and  cost  studies  for  equip¬ 
ment  which  they  manufacture.  Most  all  of  them  use  the  Air  Force  DO  56E 
and/or  KO  51  data  to  some  degree.  In  addition  to  this  experience  data, 
each  manufacturer  will  have  an  engineering  data  file  relative  to  design, 
development,  test  and  production  on  the  equipment  the  company  produces. 

This  Information  may  or  may  not  be  filed  In  an  automated  retrieval  system. 
These  data  bases  are  used  not  only  in  conducting  conceptual  design  studies 
but  are  also  used  in  performing  Independent  research  and  development. 

Typical  of  such  uses  are:  noise  generation  and  reduction;  high  lift 
technology;  development  of  high  performance  In  foils;  basic  characterization 
of  new  materials,  composites,  and  metals;  and  wind  tunnel  testing  (to 
name  a  few) . 
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SECTION  V 


HUMAN  RESOURCE  TECHNOLOGIES 
GENERAL 

Sections  II,  III,  and  IV  Identified  and  discussed  source  data  and 
data  systems  that  are  available  and  currently  in  use.  That  is,  historical 
data  on  existing  weapon  systems  that  are  collected  and  processed  by  data 
systems,  and  utilized  by  operational,  logistics,  and  R&D  organizations 
of  the  Air  Force.  More  prevalent  and  effective  use  of  these  data  in  the 
design/development  of  new  weapon  systems  is  needed.  The  remainder  of 
this  report  Identifies  and  discusses  technologies  developed  to  generate 
new  HRD  to  influence  the  design  of  new  weapon  systems.  Some  of  these 
technologies  make  use  of  the  source  data  and  data  systems  discussed  earlier 

Section  V  identifies  and  brtefly  discusses  research  stbdies  and 
current  literature  directed  toward  understanding  the  relationship  between 
human  resource  and  complex  hardware  systems.  A  common  objective  of  past 
research  on  human  resources  In  system  design  has  been  to  develop  techniques 
and  methods  to  integrate  activities  which  create  demand  for  skilled  human 
resources  (system  hardware  development)  and  those  which  supply  human  re¬ 
sources  (manpower,  personnel,  and  training).  In  other  words,  these  studies 
attempt  to  make  it  possible  for  human  resource  factors  (manpower,  personnel 
and  training)  to  have  an  influence  on  the  hardware  development  process  as 
well  as  to  be  influenced  by  It. 

The  approach  used  was  to  conduct  a  literature  search  and  attempt  to 
Identify  relevant  works  and  supporting  data.  These  works  are  grouped  into 
categories  and  briefly  discussed.  The  categories  of  works  discussed  are 
as  follows: 

•  Human  Resources  as  Design  Constraints 

•  Computerized  Human  Resources  Data  for  Systems 

Design 

•  Human  Resource  Requirement  Prediction  (Analytical 

Techniques) 


•  Human  Resource  Requirement  Prediction  (Simulation 

Techniques) 

•  Human  Resource  Design  Handbooks  and  Related 

Documentation 

A  bibliography  for  each  category  Is  provided  at  the  end  of  this  report. 

HUMAN  RESOURCES  AS  DESIGN  CONS  INTS 

Many  studies  sponsored  by  the  Department  of  Def«.nse  have  attempted 
to  provide  a  better  understanding  of  the  des . „  i  pro<  is,  the  designer, 
and  the  relationships  between  design  alternatives  and  human  resource  re¬ 
quirements.  Hannah  (1965)  provided  significant  Insight  to  the  system 
design  process  relative  to  the  manner  and  timing  for  using  HRD  in  design. 
Hannah's  work  was  tailored  to  the  process  described  In  AFSC  Manual  375~5, 
which  was  cancelled  In  1973  and  replaced  with  AFSC  800-series  documents. 
Other  important  works  listed  In  the  biblfography  address  human  performance, 
human  reliability,  training,  performance  aids,  maintenance  task  analysts, 
and  other  topics  as  they  relate  to  system  design. 

USE  AND  IMPACT  OF  HRD  IN  DESIGN 

During  the  period  1966-1971,  Melster  completed  six  Important  studies. 
The  first  two  U966-I967)  Investigated  the  use  of  human  resources  data  by 
design  engineers.  The  third  one  (1968)  Investigated  the  Impact  that 
human  resources  data  generally  has  In  terms  of  Influencing  the  design  of 
system  hardware.  The  fourth,  conducted  In  1969,  Investigated  the  design 
engineers  concept  of  the  relationship  between  equipment  design  characteris¬ 
tics  and  the  skill  levels  required  by  maintenance  technicians.  The  fifth 
study,  conducted  In  1969,  explored  the  Influence  of  human  resources  data 
on  system  design  In  terms  of  the  amount,  quality  and  timing  (availability) 
of  the  data.  The  sixth  study,  conducted  In  1971,  Investigated  the  relation¬ 
ship  between  system  design  and  the  training  requirements  for  and  job 
performance  of  maintenance  technicians. 

The  works  of  Meister  resulted  in  valuable  knowledge  and  Insights 
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about  how  designers  perceive  human  resource  factors,  and  how  HRD  are 
and  can  be  used  in  system  hardware  design.  A  primary  objective  of  his 
studies  was  to  determine  the  feasibility  of  using  human  resource  para¬ 
meters  to  constrain  the  design  of  system  equipment.  That  Is,  to 
establish  human  resource  "design  to"  constraints  In  the  same  manner  as 
performance  "design  to"  constraints  are  used.  It  was  found  that  (a) 

HRD  is  used  by  designers  but  the  Influence  on  design  varies  considerably; 

(b)  the  extent  to  which  HRD  Influences  design  Is  a  function  of  the 
quantity,  quality  and  timing  of  the  data  available  to  designers;  and  (c) 
it  was  not  feasible  to  establish  human  resource  "design  to"  constraints, 
due  primarily  to  the  difficulty  In  accurately  projecting  future  manpower 
aval  lability. 

HRD  IN  DESIGN  TRADE-OFFS 

Other  research  efforts  have  focused  on  the  consideration  of  human 
resources  in  trade-off  studies  that  are  accomplished  during  the  early 
stages  of  weapon  system  design.  A  common  emphasis  In  these  efforts 
was  to  identify  and  Investigate  decision  points  and  trade-offs  that 
occur  in  the  system  design/development  process.  A  primary  objective  was 
to  investigate  the  extent  to  which  HRD,  If  properly  used  In  design  trade¬ 
offs,  would  potentially  Influence  the  design  decisions  for  system  equip¬ 
ment. 

Lintz  (1971)  Investigated  the  characteristics  of  design  trade  studies 
and  the  utility  of  HRD  In  these  studies.  He  concluded  that  the  greatest 
variability  in  trades  Is  the  choice  of  parameters,  weighting  of  parameters, 
methods  of  normalizing  parametric  data,  methods  of  combining  parametric 
data,  and  weighting  factors.  He  further  concluded  that  under  controlled 
conditions  engineers  will  use  HRD  in  trade-offs,  and  that  personnel  costs 
and  quantities  are  given  more  weight  than  skill  types,  skill  levels  and 
availability  of  personnel.  The  more  detailed  the  HRD  the  more  weight  it 
receives.  In  two  other  studies  lintz  (1973)  explored  the  relationships 
between  equipment  characteristics  and  selected  human  resource  factors  — 
including  training  cost,  training  difficulty  and  job  performance.  Step¬ 
wise  regression  and  factor  analysis  techniques  were  used  to  derive  equations 
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to  predict  maintenance  time,  training  time,  training  equipment  costs,  etc. 
using  equipment  design  characteristics.  Factors  of  length  of  check-out, 
equipment  complexity,  check-out  difficulty,  non-automatic  check-out, 
diagnostic  information,  and  clarity  of  procedures  were  considered.  The 
study  showed  that  It  Is  possible  to  use  this  approach  to  generate  HRD 
that  are  useful  and  usable  In  design  trade  studies. 

In  parallel  with  the  studies  of  Untz  a  method  called  Design  Option 
Decision  Tree  (DODT)  was  being  developed  by  Askren  (1971).  A  summary  of 
numerous  DODT  studies  Is  provided  by  Askren  (1976).  The  DODT  graphically 
depicts  the  sequence  of  engineering  decisions  required  as  a  particular 
subsystem  design  evolves.  The  method  also  depicts  the  key  design  options 
that  may  be  available  at  each  decision  point.  It  was  shown  that  it  Is 
possible  to  develop  DODT's  for  major  subsystems  well  In  advance  of  the 
time  that  the  actual  design  activity  occurs.  The  DODTs  were  developed 
to  a  hardware  level  involving  maintenance  operations.  Psychometric  scaling 
methods  using  experienced  maintenance  technicians  were  employed  to  measure 
the  sensitivity  of  different  HRD  to  different  design  trade-off  problems. 

It  was  concluded  that  the  following  human  resources  data  were  useful  as 
criteria  for  consideration  In  design  trade-offs: 

1 .  Manpower  Quant  I ty 

2.  Technician  Skill  Level 

3.  Technician  Job  Specialty 

4.  Personnel  Dollar  Cost 

5.  Type  and  Amount  of  Training 

6.  Task  Performance  Time 

7.  Job  Difficulty 

8.  Personnel  Turnover  Rate 

As  in  previous  studies  it  was  found  that  the  amount  and  timing  of  relevant 
HRD  provided  to  the  design  engineers  are  critical.  When  provided  quality, 
relevant,  and  timely  HRD,  the  designer  Is  willing  to  consider  human  resource 
factors  in  the  design  trade-offs. 

Potter  (1975)  conducted  a  major  study  to  further  develop,  Implement, 
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and  evaluate  the  use  of  OODTs  in  the  design  process.  This  work  again  con¬ 
firmed  the  feasibility  of  using  OODTs  as  a  mechanism  to  incorporate  HRD 
into  the  design  process.  At  present  there  appears  to  be  ample  evidence 
that  OODTs  can  be  developed  and  utilized  to  enable  HRD  to  influence  the 
design  process.  The  major  constraint  appears  to  be  the  lack  of  generic 
(or  specific)  DOOTs  developed  for  the  multiple  subsystems  involved  in 
various  types  of  different  weapon  systems.  Another  major  constraint  Is 
the  lack  of  quantified  HRD  to  accompany  these  undeveloped  DODTs. 

Baran  (1974)  provides  an  excellent  summary  of  current  efforts  and 
state  of  technology  in  the  area  of  military  personnel  costing.  All  of 
the  works  referenced  above  have  contributed  to  the  development  of  an 
improved  Air  Force  capability  to  predict  human  resource  requirements, 
the  availability  of  specified  personnel  resources,  and  the  cost  of  these 
resources.  Table  5  provides  a  cross-reference  between  the  authors  and 
areas  of  emphasis  of  the  referenced  work  and  those  in  the  bibliography 
at  the  end  of  this  report. 

COMPUTERIZED  HUMAN  RESOURCES  DATA  FOR  SYSTEM  DESIGN 

In  the  early  1960s,  a  pioneering  work  was  Initiated  to  computerize 
HRD  for  use  in  the  system  design  process.  This  work  by  Reed  (1963) 
utilized  earlier  work  by  Miller  (1953),  Shapero  (1959),  Snyder  (I960) 
and  others  who  developed  methods  for  analyzing  HRD  In  system  design. 

Further  work  by  Hannah  (1965)  was  used  by  Whiteman  (1965),  Potter  (1966) 
and  Tulley  (1967)  to  further  develop  computerized  handling  of  HRD  for  use 
In  system  design.  Reardon  (1968)  developed  user  operating  guides  for 
computerized  HRD  handling  and  utilization  In  the  system  design  process. 

The  above  works  first  described  the  generation,  use  and  flow  of  human 
resources  data  In  the  aerospace  system  design  and  development  process. 
Networks  and  flow  diagrams  were  developed  showing  Inputs  jnd  outputs  of 
specific  data,  and  the  relationships  to  functional  analysis,  specifications, 
task  analysts,  RSM,  personnel  requirements,  training  and  training  equipment, 
and  maintenance  manuals.  Oiler  (1966)  provided  vocabulary  and  thesaurus 
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TABLE  5.  USE  OF  HRD  IN  SYSTEM  DESIGN 
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techniques  for  a  user-oriented  data  handling  system.  Later,  a  computerized 
data  handling  system  to  store,  retrieve,  and  process  HRD  In  a  user-oriented 
environment  was  implemented  through  a  Pilot  Study  Experimental  System. 

During  the  7  year  period  1968-1975  the  Air  Force  emphasis  on  use  of 
computer  methods  shifted  to  prediction  of  human  resource  requirements  by 
means  of  computer  simulation  techniques.  As  a  result,  the  Logistics  Com¬ 
posite  Model  (LCOM)  has  emerged  as  one  of  the  most  successful  and  widely 
used  systems  for  predicting  human  resource  requirements.  During  the  1970s 
the  Army  LSA/LSAR  programs,  based  upon  Ml L-STD- 1 388,  also  emerged  as  one 
of  the  most  promising  systems  of  computerized  HRD  for  use  In  weapon  system 
design. 

For  the  past  several  years  the  AFHRL  has  been  working  on  Project  1959, 
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Advanced  Systems  for  Human  Resources  Support  of  Weapon  Systems  Develop¬ 
ment.  A  primary  objective  of  this  project  Is  to  demonstrate  the  technical 
feasibility  of  methodologies  geared  to  reduce  the  system  ownership  cost 
of  new  weapon  systems.  Part  of  Project  1959,  an  important  study  by 
Goclowski  (1976),  resulted  in  development  of  a  methodology  for  Integrating 
five  human  resource  technologies.  The  five  technologies  involved  are: 
Maintenance  Manpower  Modeling  (MMM,  also  known  as  LCOM) ,  Instructional 
System  Development  (ISD),  Job  Guide  Development  (JGD) ,  System  Ownership 
Costing  (SOC),  and  Human  Resources  In  Design  Trade-Offs  (HRDT).  In  the 
past  these  technologies  have  been  Individually  applied  at  different  stages 
and  by  different  groups  during  weapon  system  development.  The  methodology 
developed  by  Goclowski  Is  called  the  Coordinated  Human  Resources  Technology 
(CHRT).  The  CHRT  defines  the  similarities  of  the  five  technologies, 
integrates  and  coordinates  their  application  In  the  system  design  process, 
and  establishes  a  specification  for  a  Consolidated  Data  Base  (CDB)  required 
to  support  the  application  of  the  CHRT. 

The  CDB  is  Intended  to  support  each  of  the  five  technologies,  thus 
avoiding  the  need  for  a  separate  data  set  for  each  one.  The  CDB  specifica¬ 
tion  developed  by  Goclowski  describes  the  input  and  output  data,  the  associ¬ 
ated  sources,  the  processes,  and  the  interfaces  of  the  CDB  with  the  CHRT. 

The  major  categories  of  data  stored  In  the  CDB  relate  to  reliability,  main¬ 
tainability,  maintenance  manpower,  operations  manpower,  training  and  job 
guides  for  both  maintenance  and  operations,  and  system  ownership  cost. 

The  CDB,  as  developed,  Is  unique  to  each  weapon  system.  That  Is,  a  CDB 
would  be  developed  for  each  new  weapon  system  under  development.  The  CDB 
expands  in  detail  with  time  as  the  weapon  system  acquisition  cycle  pro¬ 
gresses. 

To  a  large  degree  the  CDB,  as  developed,  would  contain  the  same  data 
included  In  the  LSAR  derived  from  Implementing  MIL- STD- 1 388 .  if  current 
Air  Force  emphasis  on  the  use  of  LSARs  continues,  every  effort  should  be 
made  to  insure  that  CDB  specifications  are  consistent  with  MIL- STD- 1388. 

In  this  way,  the  LSAR  could  be  used  to  support  CHRT,  R&M,  parametric 
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estimating  relationships,  ICC  and  other  program  efforts.  Stated  another 
way,  with  consistency  and  compatibility  between  CHRT  (and  other  human 
resource  related  technologies)  and  LSAR,  these  technologies  will  be  more 
useful  and  usable  In  support  of  the  overall  weapon  system  program. 

Table  6  provides  a  cross-reference  between  authors  and  areas  of 
emphasis  in  the  reports  listed  as  references  or  In  the  bibliography. 

TABLE  6.  COMPUTERIZED  HRD  IN  SYSTEM  DESIGN 
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HUMAN  RESOURCE  REQUIREMENTS  PREDICTION 
(ANALYTICAL  TECHNIQUES) 

Throughout  the  past  fifteen  years  considerable  work  was  accomplished 
with  analytical  techniques  to  Improve  capabilities  to  predict  human  resource 
factors  as  a  function  of  design.  The  development  of  Cost  Estimating 
Relationship  (CER)  and  Parametric  Estimating  Relationship  (PER)  models  offer 
great  potential  for  creating  HRD  that  are  particularly  useful  during  the 
early  phases  of  system  design.  Early  application  of  CER/PER  models  would 
permit  establishment  of  Initial  baseline  cost  estimates  using  only  top  level 
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system  design  or  performance  characteristics  of  a  proposed  weapon  system 
when  little  else  is  known  about  it. 

DISCUSSION  OF  CER/PER  MODELS 

CER  and  PER  models  are  mathematical  equations,  derived  by  statistical 
regression,  to  fit  cost  or  other  parametric  data  on  existing  similar  systems 
to  the  data  that  reflect  physical  or  environmental  properties  of  the  new 
system  under  development.  CER  and  PER  models  can  be  used  early  in  the 
conceptual  and  preliminary  design  stages  of  RDTSE  to  compare  alternative 
design  approaches  on  the  basis  of  human  resource  requirements  and  costs. 

Several  CER  and  PER  development  efforts  were  Identified  In  this 
study.  The  results  of  these  studies,  discussed  below,  are  believed  to 
be  representative  of  the  work  that  has  been  done  In  this  area: 

1.  AFAPL-TR-75-88 ,  Parts  I  and  II,  Aircraft  Propulsion 
Subsystem  Integration  Cost  Model,  October  1975. 

2.  AFAL-TR*78-i»9 ,  Predictive  Operations  and  Maintenance  Cost 
Model ,  August  1978. 

3.  AFFDL-Contract  No.  F336 1 5 - 76- C - 3056 ,  Modular  Life  Cycle  Cost 
Model  for  Advanced  Aircraft  Systems,  July,  1979. 

A.  DOD-Contract  Number  DAHC- I 5-72-C-0052 ,  Tactical  Fighter  Aircraft 
Maintenance  Characteristics  Study,  Volumes  I  through  IV, 

June  I971*. 

5.  NAVY-Contract  No.  N00 I A0-76-C-0025 ,  Atrcraft  Maintenance 
Experience  Design  Handbook,  September  1977.  (Note:  Condensed 
maintainability  predictive  techniques  are  included  in  the 
Society  of  Logistics  Engineers  International  Symposium 
Proceedings,  22-2A  August  1978). 

6.  I RsD  Project  78D66I,  Lockheed-Georgla  Co.,  Improved  Cost  of 
Ownership  Estimating  Techniques,  March  1978. 

7.  CSM/SM/758-3.  Evaluation  of  F-15  Operations  and  Maintenance 
Costs  Based  on  Analysis  of  Category  II  Test  Program  Maintenance 
Data,  August  1975- 
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CER/PER  LIMITATIONS 

There  are  several  disadvantages  of  CER/PER  models  which  limit  their 
use.  First,  they  cannot  produce  reliable  results  for  radical ly  new 
system  technology.  Even  when  used  on  systems  which  are  not  radically 
different  from  their  predecessors,  there  are  economic  trends,  cost 
ratios,  design  practices,  and  OSS  precepts  which  are  changing  continually 
but  are  not  explicitly  accounted  for  In  the  models.  This  causes  the 
relationship  between  the  new  system  and  CER/PER  to  be  less  accurate, 
necessitating  use  of  compensating  factors  which  are  often  subjective  in 
nature.  When  separate  estimates  are  required  for  such  system  elements 
as  built-in  test  equipment,  tooling,  spares,  fuel,  or  pay  and  allowances 
of  enlisted  personnel,  CER/PER  models  either  fall  or  become  highly  detailed 
estimation  methods  which  rely  on  much  greater  detailed  information.  In 
general,  the  finer  the  details  that  must  be  separately  estimated,  the 
more  expensive  it  is  to  develop  the  needed  CER/PER  model.  The  most 
important  disadvantage  Is  that  most  published  works  do  not  Include  total 
0&S  cost.  Attempts  to  Include  OSS  costs  have  generally  resulted  In  (I) 
the  incorporation  of  parameters  which  are  difficult  or  Impossible  to 
cost,  and  (2)  the  massing  of  so  much  detail  that  many  specifics  of  design 
are  required,  thus  delaying  the  actual  CER/PER  application  until  later 
in  the  acquisition  process.  Although  there  are  limitations  In  using  CER/ 

PER  models,  they  still  represent  the  most  promising  technology  for  con¬ 
sidering  human  resource  factors  early  In  system  design.  Normally,  a  new 
weapon  system  development  program  will  not  represent  a  radical  departure 
from  current  state  of  art  technology.  In  fact,  such  programs  strive  to 
avoid  incorporation  of  major  step  functions  In  advanced  technology  due  to 
the  associated  schedule  and  cost  risks.  Moreover,  when  estimating  relation¬ 
ships  are  developed  from  historical  data  for  mature  aircraft  systems  the 
regression  equations  Inherently  Include  technology  Improvements.  This  is 
due  to  the  fact  that  as  a  weapon  system  is  operationally  used,  deficiencies 
caused  by  technology,  design,  and/or  threats  are  corrected  over  time 
through  In-service  modifications.  The  basic  relationships  (CER/PER)  to 
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as  opposed  to  the  MMH/FH  which  also  Includes  reliability  Uhe  frequency 
of  the  maintenance  performed).  Maintenance  man-hours  per  flight  hour, 
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the  design  or  performance  characteristics  would,  therefore,  automatically 
provide  the  necessary  adjustment  factor  which  can  be  used  in  the  design 
trade-off  decision. 

CER/PER  APPROACHES 

Two  of  the  studies  Identified  above  Introduce  "Improvement  factors" 
for  adjusting  the  parametric  estimates  obtained.  These  "improvement  factors 
are  based  upon  the  advanced  technology  ,  or  technology  Improvements  in¬ 
corporated  into  the  new  system  design.  At  best  these  "improvement  factors" 
are  totally  quantifiable  and  objectively/systematically  established.  Un¬ 
fortunately,  in  the  real-time  world,  these  factors  must  be  established  by 
individual  judgements  which  may  vary  considerably  between  engineers.  Based 
upon  the  discussion  above, the  use  of  so-called  "improvement  factors"  are 
therefore  unnecessary  and  Introduce  bias  (double  counting)  In  the  estimate. 
This  conclusion  was  substantiated  in  the  Lockheed  IR&D  Project  7 8066 1 . 

Another  major  difference  In  the  CER/PER  approaches  used  is  In  more 
than  one  type  of  aircraft,  or  "mixing"  aircraft  by  type.  For  example, 
some  approaches  combine  fighter  and  cargo  type  aircraft  data  to  establish 
a  CER/PER  while  others  do  not.  Due  to  the  differences  in  mission,  utiliza¬ 
tion,  and  environment,  the  design  or  performance  characteristics  cannot  be 
comparable  between  different  type  aircraft.  Neither  will  the  magnitude  of 
the  MMH/FH  or  Cost/FH  be  the  same  at  given  levels  of  utilization  for  fighter 
as  for  bomber  or  cargo  type  aircraft. 

EXAMPLE  OF  PER  MODEL 

While  the  effect  of  utilization  was  recognized  In  some  of  the  above 
cases,  no  attempt  was  made  to  normalize  the  data  to  a  specified  level  of 
utilization  except  In  the  Lockheed  IRsD  project.  One  of  the  problems 
encountered  with  the  use  of  AFR  1 73" 10  Cost  Factors  Is  that  no  allowances 
are  provided  for  the  effects  of  utilization,  although  base  material  cost, 
base  level  MMH/FH,  and  other  factors  are  known  to  be  influenced  by 
utilization.  Despite  the  Inability  to  allow  for  variations  in  utilization, 
it  is  possible  to  develop  realistic  and  accurate  parametric  estimating 
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rel at ionsh i ps  using  the  Lockheed  approach.  Figures  9  through  Ik  illus¬ 
trate  the  feasibility  of  developing  realistic  parametric  estimating 
relationships  for  cargo  aircraft  using  top-level  system  design  parameters. 
Figure  15  portrays  the  specific  parameters  used.  A  total  of  85  variables 
in  the  data  base  were  used  to  develop  the  estimating  relationships  for 
the  six  categories  Identified  In  Figures  9  through  Ik. 

Figure  9  presents  only  the  Independent  variables  selected  by  the 
regression  analysis  program  for  the  six  categories  represented.  The 
"X  Variable  Number"  column  in  Figure  9  Identifies  the  specific  parameter 
numbers  reflected  as  the  X  Variables  In  Figures  9  through  Ik.  The 
"Run  Number"  shown  in  these  figures  identify  the  type  aircraft  i.e.; 

C-5A,  C-7A,  C- I  I  BA,  C-II9G,  C-I23B,  C- 1 2kC ,  C- 1 30E ,  VC-I35B,  VC-lkOB, 
and  C-lklA. 

HUMAN  RESOURCE  REQUIREMENTS  PREDICTION 
(SIMULATION  TECHNIQUES) 

During  the  past  ten  years  the  use  of  computer  simulation  has  been 
increasingly  used  to  predict  Integrated  logistics  support  requirements 
for  weapon  systems.  A  bibliography  showing  many  of  the  most  relevant  and 
the  frequently  referenced  documents  in  this  area  Is  provided  at  the  end 
of  the  report.  Table  7  shows  these  reports  cross-referenced  to  the  area  of 
emphasis  in  each  report.  Although  LCOM  Is  by  far  the  most  current  and 
frequently  used  technique  In  the  Air  Force,  several  other  important 
simulation  techniques  and  models  are  available  for  predicting  human  re¬ 
source  requirements  associated  with  weapon  systems.  Army  and  Navy  models 
generally  utilize  the  data  bases  discussed  In  Section  IV  of  this  report. 
Several  of  the  models  shown  In  Table  7  should  be  carefully  Investigated 
In  follow-on  research  work  directed  toward  development  of  a  UDB.  Of 
particular  interest  are  skill  projection,  personnel /per fo rmance/crew  size, 
and  level  of  repair  models. 

LCOM  MODEL 


LCOM  is  a  system  of  computer  models  designed  to  apply  simulation 
j«s  to  studies  concerning  the  Air  Force  base  level  functions,  e.g., 
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DATA  SOURCE  -  AFR  173-10 


3 

Ui 

a 


3 

ui 

a 

3 

<E 

« 


»-p-©©p-(u©oo©©-<^ 

z®^T-*-oo©-«©©r--. 

u®TTifl««T®>nyi 

. . 

k i m®  ®nTnn  ©  ®  ®  ® 
ui  i  ^  i  •  •  • 

Q.  I  ® 


a 

ui 


u. 

UJ 

o 

o 


a 

r- 

UJ 

UJ 

© 

ru 

ru 

ru 

00 

© 

ru 

o 

o 

o 

<t 

© 

▼ 

UJ 

▼ 

UJ 

so 

CJ 

© 

© 

© 

• 

. 

• 

ru 

00 

UJ 

CO 

UJ 

p* 

© 

© 

© 

0. 

0. 

0. 

© 

p- 

© 

UJ 

UJ 

UJ 

UJ 

© 

r- 

p- 

© 

UJ 

UJ 

© 

© 

ru 

r- 

*r 

r^ 

00 

▼ 

m 

© 

© 

© 

w 

UJ 


•••••••••••«■<*"•  (U 

3ru©®*)©©p-p-®©T 
uj  oo  ©  —  ©©cu©cooo©©u 
a  ▼  aj  ®  —  ru  ©  ©  oo  o 

**  r*  ©  ©  r*  ©  ©  ▼  ru 


u 

CO 

(VJ 

ru 

p- 

00 

T 

▼ 

© 

o 

r* 

© 

© 

T 

© 

Z 

r~ 

▼ 

® 

00 

z 

o 

© 

Of 

00 

© 

OT 

o 

© 

ru 

00 

© 

© 

▼ 

© 

© 

p- 

►H 

© 

o 

© 

ru 

00 

00 

►-« 

© 

© 

© 

© 

ru 

© 

ru 

© 

© 

r» 

ru 

e- 

© 

Q£ 

p- 

© 

00 

© 

t- 

© 

ru 

a 

OT 

© 

T 

© 

© 

ru 

<x 

© 

QC 

• 

• 

• 

• 

<r 

00 

© 

© 

© 

ru 

OT 

T 

© 

© 

© 

© 

i — i 

© 

UJ 

▼ 

ru 

© 

© 

©  l-H 

© 

© 

p- 

© 

OO 

© 

© 

© 

© 

© 

© 

® 

00  h- 

•  z 

-<  UI 
UJ  <-> 
(U  o 


«  run  i-  d  •  •  • 

UJ  -J  uj  ui  ▼  UJ 

a  3  a  ©  © 

t-  ©  I  <U 

UJ  UI 

a 


cj  nj 

I  UJ 


CO  P- 

©  r~ 
—i  ru 

i  i 


©  -< 
CX3  © 

ru  a) 

t 


oo 

UJ 

I 


UJ 

a 

05 

z 


H-  O  00 

z  ru  ©  © 
ui  n  uj 't 
<— >  oo  oo  © 
O  CU  UJ 


UJ  u 

— '  u 

UJ 
O  UJ  o 
0^0 
ru  — 

®  >  z  OJ 

u>  o  ^ 

(JU1U.H  •  UJ 

z  -oi-n j 
«  ru  <r  co  » 


u  UJ 
u  co 

UI 


p- 

UJ 

CU 

UJ 

I 


a 

JQ  UI 

co<xujci©coao*-«©,'r©  —  ©  ©  ui 
®3H®©®©r»©ru©©p-®o 
©f-o©cuOToo—«cj''ro©cuOTX 
®o«*<n'roMXT'rmuJOu 
©<rocj  —  ©p-oj^oc©©©© 

•  ui  •  ♦  •  *  . . 

C0©QcCJCU©,*’«  —  00  ©  CJ  ©  ©  © 
OT3Q.nj©®p-oo©co©©p-©o 
cj  ©©©r»’«r©ru^©vcjr 
—  a  nj<u©  —  —  ©©CJ©ca© 

uj  ru  -<  p-  z 

i—  •"  «■*  3 

o  a 


UJ  UJ 

•r*  © 


or 

at 

-j  -<  <x  a. »- 

Ui 

o 

UJ 

<->1111  o 

t- 

oc 

ae 

or  x  x  x  x  <r 

▼  z 

a 

ac 

© 

UI 

UJ 

o 

3 

o 

UI 

Q 

f- 

-J 

JK 

UJ  z 

% 

.  00 

UJ  © 

-J  « 

O 

©  © 

©  a 

a.  >- 

Z 

z  -• 

UJ  z 

<-*  © 

<x 

-J  <z 

H*  Z 

z 

0.  © 

-J  o 

3 

UI  © 

u.  © 

30 

a 

H 

c 

© 

o  _i  ®  ®  ® 
©  ui  <t  ®  ©  © 
oo  a:  z  ®  ®  ® 
®  ® 


Q  ®  ®  ^  ^  Q 

9  Q  ®  ®  ^ 

0  0  9  0  0  0 

CD  o  o  o  o  o 
®  ®  ®  ©  ®  ® 


OJ  00  UJ 

©  ru  © 

©  ©  p- 

ru  ru  © 
ru 


uj  —  ©  »-•  cj  co 
ic  uj  t  «"  n  in 
r-  uj  oo  ®  t  ~ 
-*  —  ▼©©© 


CJ  CJ  *T  ©  uj  ® 
-ajiunoT 


©  ©  u 
©  ©  o 
©  © 

©  ©  UJ 

©  ©  o 

.  .  <t 

p~  p~  ►- 

©  ©  z 

▼  CJ  UI 
CO  UJ  o 
-*«  Is-  a 
*■«  UJ 

a. 

•  UJ 
•—  3 
V  © 

—  t- 

o 

>- 


86 


Figure  14.  Base  level  replacement  comm.  SE 
spares  -  $/FH  -  FY  77$ 

Data  source  -  AFR  173-10 
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maintenance,  operations,  supply,  etc.  It  permits  a  systematic  approach 
to  analysis  of  the  support  requirements  for  complete  weapon  systems  by 
analyzing  the  impact  of  support  resource  shortages  on  the  operational 
status  of  the  weapon  system.  Through  simulation,  the  best  mix  of  resource 
levels  that  would  effectively  support  a  given  weapon  system  flying  pro¬ 
gram  is  determined.  The  model  Is  designed  to  process  spares  on  an  item-by- 
item  basis,  or,  where  the  user  is  more  concerned  with  operations,  to 
abstract  the  support  system  and  treat  an  aggregate  of  spares  in  the  form 
of  subsytems. 

LCOM  Programs:  LCOM  Is  a  composite  of  three  main  programs  which  are 
discussed  in  the  following  paragraphs:  the  pre-processing  (Input)  program, 
the  main  (simulation)  program,  and  the  post-processor  program. 

The  input  program  edits  input  data  and  provides  diagnostics  where 
inconsistencies  in  the  data  are  found.  It  also  serves  as  a  sortie  generator 
permitting  the  user  to  specify  a  flying  program  that  will  exercise  the 
support  system  in  the  simulation  model.  The  flying  program  is  defined  In 
terms  of  missions  requiring  specific  types  and  quantities  of  aircraft. 

The  main  program  consists  of  a  simulation  model  and  two  analytic 
models  (  a  forecast  and  a  decision  model).  The  simulation  model  Is  a 
representation  of  the  envi ronment  that  comprises  the  support  system. 

Support  response  to  the  flying  schedule  is  in  terms  of  system  malfunctions 
or  parts  failures  corresponding  to  those  found  In  the  reliability  data; 
processing  of  the  tasks  which  must  be  done  for  their  correction;  demanding 
the  resources  that  are  'equlred  to  do  the  tasks;  and  the  resulting  inter¬ 
action  of  the  resourci  availability  In  the  demand  process.  The  analytic 
models  serve  to  derive  the  requirement  for  resources  to  maintain  weapon 
system  operational  effectiveness  at  a  prescribed  level  through  use  of  a 
marginal  utility  attribute.  These  models  eliminate  the  requirement  to 
make  several  trials  with  different  combinations  of  resource  levels  to 
determine  a  "best  mix". 

The  post-processor  program  provides  time  series  graphs  of  the  output 
statistics  and  plots  of  the  tasks  encountered  by  a  particular  aircraft. 
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These  graphs  provide  the  change  In  performance  over  the  total  period 
simulated  or  a  comparison  between  two  measures  of  performance,  e.g., 
backorder  rate  and  percent  fill  rate  from  supply. 

Resources,  including  personnel,  aircraft,  parts,  equipment,  facilities, 
are  an  integral  part  of  LCOM  input  requirements.  During  model  operation, 
these  resources  may  be  consumed  (parts) ,  used  and  returned  to  a  pool  (men 
and  equipment),  or  generated  (repairable  unit).  Resource  failure  is  dis¬ 
cerned  by  a  counter  which  is  set  to  a  value  and  subsequently  decremented 
as  events  occur  until  the  counter's  value  is  zero.  Sufficient  latitude  is 
provided  the  user  so  that  one  may  describe  failure  criteria  in  the  model 
to  conform  to  the  available  data. 

The  LCOM  simulation  model  is  the  most  widely  used  model  identified 
in  our  research  and  has  been  used  extensively  in  the  development  of  man¬ 
power  standards  at  base  level  by  the  Air  Force  Maintenance  and  Supply 
management  Engineering  Team  (AFMSMET)  who,  in  1977,  was  assigned  the  role 
of  system  caretaker.  AFMSMET  is  responsible  for  the  Air  Force  wide  im¬ 
plementation  and  manpower  usage  of  this  model . 

LCOM  USE 

Use  of  the  LCOM  simulation  model  in  areas  other  than  logistics  was 
begun  by  the  Tactical  Air  Command  (TAC)  in  1971.  This  introduced  the  man¬ 
power  community  to  a  tool  that  provided  a  significant  aid  in  the  development 
of  Air  Force  aircraft  maintenance  manning  standards.  Also,  LCOM  simula¬ 
tions  allowed  wartime  manning  standards  to  be  evaluated  in  a  manner  not 
possible  before.  Several  studies  are  currently  underway  by  Major  Commands 
for  manning  standards  (either  wartime  or  conventional)  for  various  air¬ 
craft,  i.e.;  MAC.C-5A,  C- 1  ^  I  A;  AFTEC/TAC  EF-IIIA,  E-4B ;  USAFE,  RF-i*C, 

F-IIIE,  F-4E;  TAC,  F-15;  ASD,  KC-135,  A- 1 0 ,  F- 1 6 ;  HQPACAF,  F-4E. 

The  input  data  requirements  to  the  LCOM  simulation  models  are  both 
specific  and  detailed  and  are  concerned  with  the  frequency  and  resource 
requirements  of  maintenance  tasks.  This  Information  is  currently  being 
captured  through  the  MDCS  base  level  history  tapes  (ABD6DA) .  The  Common 


Data  Extraction  Programs  (CDEPs)  were  designed  to  provide  this  data 
analysis  and  the  resultant  data  displays  for  input  to  LCOM.  CDEP  is  a 
system  of  six  basic  programs  which  operate  independently  but  interface 
with  each  other  to  provide  a  full  range  of  detailed  data  output  products. 
CDEP,  like  LCOM,  was  programmed  to  run  on  both  Honeywell  600/6000  and 
Control  Data  Corporation  6000/7000  Series  Computers.  AFSMET  Report  78-^ 
describes  the  CDEP  Standard  Version  l.l  that  is  currently  available. 

LCOM  has  tremendous  potential  to  aid  in  the  reduction  of  0&S  costs 
if  applied  early  in  the  acquisition  process.  The  work  already  accomplished 
by  the  users  of  LCOM  forms  another  data  source  which  could  be  drawn  upon 
for  comparability  analysis  and  LCOM  input  data  to  support  the  acquisition 
of  new  equipments. 

HUMAN  RESOURCES  DESIGN  HANDBOOKS 
AND  RELATED  DOCUMENTATION 

There  are  numerous  textbooks,  reports,  etc.  that  address  Human 
Engineering  (ergonomics,  etc.)  and  provide  design  criteria  for  same. 

There  are  relatively  few  documents  that  provide  specific  design  guidance 
and  criteria  for  human  resource  factors  (as  used  in  this  study).  Reed 
(1975)  was  the  first  to  develop  a  prototype  design  handbook  for  incorp¬ 
orating  HRD  into  the  system  design  process.  Reed's  work  was  evaluated 
by  Meister  (1976)  and  found  to  be  quite  relevant  to  current  UDB  develop¬ 
ment  interests.  Future  UDB  efforts  should  carefully  review  the  above 
works  for  applicability  and  further  development,  incorporation,  and 
ut 1 1 i zat ion. 

A  bibliography  of  Department  of  Defense  and  Air  Force  documentation 
related  (directly  or  indirectly)  to  a  UDB  development  is  provided  at  the 
end  of  this  report  under  Human  Resources  Design  Handbooks  and  Related 
Documentat ion. 
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SECTION  VI 


1 


LIFE  CYCLE  COST  MODELS 


GENERAL 

The  emphasis  placed  on  LCC  by  the  Department  of  Defense  has  re¬ 
sulted  In  a  proliferation  of  LCC  models  and  applications.  While  it  was 
impossible  to  obtain  and  address  all  of  the  current  documentation  on  LCC, 
this  section  addresses  several  of  the  more  important  LCC  models  currently 
in  use. 


NEED  AND  USES  FOR  LCC 
THE  NEED  FOR  LIFE  CYCLE  COSTING 

The  LCC  of  a  system  refers  to  the  total  cost  to  the  Government  of 
acquisition  and  ownership  of  that  system  over  its  entire  life.  Generally, 
the  cost  of  operating  and  supporting  a  system  after  it  is  put  Into  use 
is  greater  than  the  costs  of  Initially  designing  and  procuring  the  system; 
yet  after  the  system  is  put  into  use,  it  Is  difficult  to  significantly  alter 
0&S  costs  to  be  incurred.  LCC  programs  are  designed  to  reduce  system  and 
equipment  06S  costs  through  a  greater  consideration  and  analysis  of  the 
O&S  implication  of  design  alternatives.  LCC,  In  order  to  have  the  greatest 
effect  on  subsequent  O&S  costs,  must  be  applied  as  early  as  possible  in  the 
system  acquisition  process. 

During  the  acquisition  process,  many  management  systems  and  techno¬ 
logies  are  in  use.  These  include  integrated  logistic  support,  reliability, 
maintainability,  repair  level  analysis,  Inventory  management,  spares  pro¬ 
visioning,  configuration  control,  management  Information  systems,  systems 
and  value  engineering,  resources  conservation,  cost-effectiveness,  etc. 

These  approaches  are  closely  inter- rel ated ,  particularly  In  their  common 
application  to  the  logistic  support  of  the  operating  system.  Life  cycle 
costing  provides  a  method  to  balance  each  discipline  with  regard  to  total 
system  cost. 

USES  OF  LIFE  CYCLE  COSTING 

The  primary  use  of  LCC  models  has  been  to  assess  the  continuing 
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viability  of  a  system  acquisition  effort,  i.e.,  whether  to  Initiate  the 
effort,  continue  into  the  next  acquisition  phase,  remain  in  the  present 
acquisition  phase,  or  scrap  the  entire  effort,  is  determined  by  a  Defense 
Systems  Acquisition  Review  Council  (DSARC).  For  major  programs  the 
Request  for  Proposal  (RFP)  and  subsequent  program  documentation  requires 
that  O&S  cost  estimates  be  provided  at  the  end  of  each  major  program  phase. 
These  estimates  are  used  to  help  determine  the  overall  feasibility  of 
continuing  the  program  or  project. 

Acquisition  strategies  are  differentiated  by  the  existence  of 
contractor  competition,  the  stage  at  which  multiple  bidders  are  reduced 
to  a  single  contractor,  whether  there  is  competition  only  at  the  total 
system  level  or  for  subsystems  as  well,  whether  each  phase  and/or  sub¬ 
system  is  separately  contracted  for  or  some  are  combined  under  a  common 
contract,  etc.  The  ICC  estimates  provided  by  competing  contractors  will, 
in  part,  determine  the  continued  participation  of  a  given  contractor. 

In  this  regard,  the  computation  of  OSS  cost  targets  incorporated  in  con¬ 
tractual  commitments  in  the  conceptual  phase  may  subsequently  be  validated 
and  the  success  in  meeting  such  targets  assessed.  Since  contractor  LCC 
estimates  are  used,  in  part,  as  competitive  selection  criteria,  It  is 
critically  important  to  have  and  use  validated  LCC  estimating  models  and 
techniques.  Standardization  is  essential  to  avoid  "apples  and  oranges" 
comparisons  in  both  the  competitive  evaluation  and  (later)  performance 
assessment  phases. 

The  primary  use  of  LCC  during  the  acquisition  process,  and  one  which 
affects  both  DSARC  decisions  and  contractor  commitments,  concerns  trade-offs 
on  alternative  equipment/system  design  and  support  concepts.  Cost  parameters 
which  consider  LCC,  established  and  continuously  evaluated,  are  translated 
Into  design  requirements  after  weighing  trade-offs  between  system  effective¬ 
ness,  cost  and  schedule. 

In  order  to  reduce  system  costs  and  achieve  a  proper  balance  between 
system  effectiveness  and  total  system  cost,  LCC  must  be  quantitatively 
applied  throughout  the  acquisition  process. 
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TYPES  OF  LCC  MODELS 


An  LCC  model  is  a  series  of  mathematical  expressions  designed  to 
address  some  aspect  of  cost  during  the  life  of  a  system.  Strictly 
speaking,  an  LCC  mode)  Is  one  that  addresses  development,  production, 
and  0&S  costs.  In  fact,  some  LCC  models  address  the  entire  system  life 
cycle,  while  others  address  only  part  of  It.  Still  other  so-called  LCC 
models  are  more  narrowly  defined  and  address  specific  areas,  such  as 
inventory  control  and  level  of  repair. 

Available  LCC  models  can  be  grouped  Into  the  following  six  categories  - 
cost  factor,  accounting,  cost  estimating,  economic  analysis,  maintenance 
manpower  planning,  and  special  purpose. 

COST  FACTOR  MODELS 

Cost  factor  models  typically  estimate  O&S  cost  at  the  weapon  system 
level  by  identifying  such  cost  elements  as  spares,  support  equipment, 
manpower  and  munitions.  Estimates  of  each  cost  element  are  generated  by 
multiplying  key  parameters  of  the  system  by  a  factor  which  is  derived 
as  a  function  of  Air  Force  cost  experience  on  similar  weapon  systems. 

The  CACE  model  is  In  this  category.  Although  cost  factor  models  are  easy 
to  use,  one  serious  limitation  is  that  the  cost  factors  are  aggregate  values 
reflecting  whole  system  cost  as  opposed  to  subsystem  cost  elements.  Since 
this  type  model  does  not  explicitly  break  out  cost  in  detail  at  the  sub¬ 
system  and  LRU  level,  the  approach  tends  not  to  capture  the  O&S  cost  impact 
of  individual  R&M  characteristics  of  a  new  system. 

ACCOUNTING  MODELS 

Accounting  models  typically  compute  O&S  costs  at  relatively  low 
levels  of  hardware  breakdown  and  disassembly,  e.g.,  the  LRU  level,  and 
then  total  these  costs.  The  AFLC  LSC  model  and  the  AFLC  O&S  cost  model 
are  of  this  type  and  have  historically  been  used  by  the  Air  Force  with 
respect  to  source  selection  and  design  trade-off  decisions.  Accounting 
models  have  several  significant  limitations. 


One  principal  weakness  Is  the  lack  of  a  reliable  and  accurate  set 
of  historical  data  to  estimate  support  costs  to  the  component  level  on 
an  analogous  basis.  This  problem  Is  due  In  part  to  the  fact  that  the 
multiple  data  systems  used  by  AFLC  are  designed  for  purposes  other  than 
weapon  system  cost  accounting.  Diverse  sources  of  data  yield  only  partial 
system  cost  visibility,  and  a  great  deal  of  pro-rating  of  common  expenses 
applicable  to  several  weapon  systems  exists.  Another  weakness  results 
from  the  practice  of  managing  both  depot  level  maintenance  and  supply  by 
National  Stock  Number  (NSN),  base  level  supply  by  NSN,  and  base  level 
maintenance  by  WUC.  The  fact  there  Is  not  a  one-to-one  correspondence 
of  NSN  to  WUC  further  aggravates  the  data  problem  at  the  component  level. 
These  problems  together  with  the  fact  that  this  kind  of  model  typically 
requires  large  numbers  of  Input  data  elements  make  model  Implementation 
a  tedious  exercise.  Accounting  models  also  have  limited  usefulness  with 
respect  to  design  trade-offs  In  that  they  do  not  relate  logistic  support 
costs  directly  to  performance  and  design  parameters  such  as  material  types, 
dimensions,  speed  and  range.  Therefore,  they  cannot  be  used  early  In  the 
conceptual  planning  phase  when  trade-offs  of  this  nature  are  usually  made. 

COST  ESTIMATING  RELATIONSHIP  MODELS 

CER  models,  such  as  those  discussed  In  Section  V,  offer  the  greatest 
potential  for est imat I ng  06S  costs  very  early  In  the  system  design  process. 
Unlike  most  other  models,  the  CER  could  be  made  available  to  and  utilized 
by  many  Individual  engineers  Involved  In  Initial  trade-offs  and  design 
decisions.  Although  CERs  are  not  LCC  models  In  the  broad  sense,  they 
provide  the  mechanism  for  Integrating  OSS  cost  considerations  Into  the 
myriad  of  design  decisions  that  directly  affect  the  total  LCC. 

ECONOMIC  ANALYSIS  MODELS 

Economic  analysis  models  attempt  to  evaluate  the  economic  Implica¬ 
tions  of  modifying  or  augmenting  the  capabilities  of  current  weapon 
systems.  The  Research  Into  the  Economics  of  Design  and  User  (REDUCE) 
model  Is  the  primary  example  of  the  economic  enelysls  model.  Though  the 


model  requires  considerable  Input  data,  the  effort  Is  Justified  when  a 
new  or  Improved  system  Is  being  considered  for  standardized  use  In  the 
Air  Force  Inventory. 

MAINTENANCE  MANPOWER  PLANNING  MODELS 

Other  computer  simulation  models  have  been  developed  for  use  In 
logistic  support  planning.  These  models  explicitly  address  all  aspects 
of  logistic  operations  Including  the  flying  schedule,  basing  concept, 
maintenance  plan,  and  spare  and  support  cost.  They  provide  a  variety 
of  output  reports  giving  detailed  statistics  frequently  used  In  trade 
studies  and  system  validation  tasks.  Historically,  these  models  have 
not  been  specifically  oriented  to  LCC  but  rather  to  a  much  broader  set 
of  trade-off  Issues  Included  under  the  heading  of  logistic  support 
planning.  Maintenance  manpower  planning  models,  tn  particular,  have  a 
significant  Impact  In  determining  the  cost  of  maintaining  most  Air  Force 
equipments.  The  LCOM  model  Is  of  this  type  and  Is  used  to  estimate  the 
maintenance  manpower  requirements  of  a  weapon  system  under  development. 
Further  uses  Include  evaluating  tradeoffs  for  systems,  alternative 
weapon  systems,  and  systems  currently  In  Air  Force  Inventory  on  the  basis 
of  maintenance  manpower  requirements. 

SPECIAL  PURPOSE  MODELS 

Reliability  Improvement  Cost  Models: 

These  models  explicitly  Identify  the  relationship  between  equipment 
reliability  and  cost,  t.e.,  more  money  spent  on  Initially  Improving 
system  reliability  will  result  In  subsequently  greater  reductions  In  O&S 
costs.  In  essence,  the  models  determine  the  level  of  equipment  reliability 
that  minimizes  LCC. 

Level  of  Repair  Analysis  Models: 

These  models  determine  the  least  cost  level  of  repair  policy  for 
new  equipments  as  they  are  Introduced  Into  Air  Force  Inventory.  Various 
models  consider  LRU,  shop  replaceable  unit,  module,  piece-part,  and 
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system/subsystem  levels  which  may  be  either  discarded  at  failure  or  re¬ 
paired  at  either  base  or  depot  levels.  System  level  models  have  an 
extensive  requirement  for  Input  data  and  cost  allocation  difficulties 
where  support  or*  test  equipment  Is  used  on  more  than  one  subsystem. 

Inventory  Management  Models: 

These  models  attempt  to  optimize  the  number  of  spare  Items  required 
to  keep  a  system  operational.  One  particular  model,  MOD-METRIC,  determines 
an  optimal  allocation  of  spare  items  for  a  system  that  can  result  In  a 
considerable  reduction  In  spares  Investment  necessary  to  keep  the  system 
operational.  Required  Inputs  to  MOD-METRIC  includes  frequency  of  sub- 
assembly  removal,  not  repairable  this  station  (NRTS)  rates,  etc.  A  well 
defined  maintenance  concept  Is  required  for  these  models  and  thus  Its 
utility  in  the  conceptual  phase  of  a  program  Is  limited. 

SPECIFIC  LCC  MODELS 

Many  LCC  models  exist  to  consider  costs  In  research  and  design 
actions  in  the  acquisition  process.  Among  the  most  commonly  used  models 
are  the  CACE  model,  the  AFLC  model,  and  the  REDUCE  model. 

CACE  MODEL 

The  CACE  model  was  designed  primarily  to  develop  aircraft  squadron 
annual  operating  cost  estimates  for  use  in  LCC  comparisons,  cost  or 
research  analyses,  or  studies  concerned  with  dost-effectl veness  compari¬ 
sons  between  weapon  systems.  The  model  uses  a  "building  block"  approach 
in  which  estimates  of  each  cost  element  are  generated  by  multiplying  key 
parameters  of  the  new  weapon  system  program  by  a  factor  which  is  derived 
as  a  function  of  Air  Force  experience  on  similar  weapon  systems.  These 
factors,  and  the  "block"  estimating  relationships,  are  contained  In  Air 
Force  Regulation  173-10  and  are  changed  as  new  historical  data  becomes 
available.  The  factors  used  are  usually  developed  by  statistical  regression. 
For  example,  the  factor,  replenishment  spare  cost/FH  (RS  #/FH) ,  might  be 
computed  as  a  function  of  avionics  production  cost,  engine  production  cost, 
airframe  production  cost,  maximum  aircraft  speed  and  aircraft  empty  weight. 
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Disadvantages  of  the  CACE  model  have  been  previously  mentioned.  The 
model  Is  not  designed  to  compute  total  ICC.  Additional  cost  elements 
must  be  derived  (If  data  can  be  found)  In  order  to  arrive  at  the  RDT&E, 
production,  Initial  provisioning,  support  equipment,  training,  replenish¬ 
ment  spares,  material  costs,  and  aircraft  unit  cost  so  that  a  total  LCC 
estimate  may  be  approached. 

The  basic  CACE  model  uses  more  than  50  data  elements  to  arrive  at 
Its  computer  co.  s  and  Is  the  generally  accepted  Air  Force  format  for 
preparing  0&S  cost  estimates  for  submission  to  DSARC. 

AFLC  LOGISTICS  SUPPORT  COST  MODEL 

The  AFLC  LSC  model  estimates  the  support  costs  that  may  be  Incurred 
by  adopting  a  particular  design  for  a  given  weapon  system  or  piece  of 
equipment.  The  model  Is  capable  of  (a)  estimating  differential  logistics 
support  costs  between  the  proposed  designs  of  two  or  more  contractors 
during  source  selection;  and  (b)  serving  as  a  decision  aid  when  evaluating 
design  alternatives  during  prototyping  prior  to  full-scale  development. 

The  model  utilizes  95  data  elements  which  make  up  10  equations  representing 
the  following  cost  components:  Initial  and  replenishment  LRU  spares  cost, 
on-equipment  maintenance  costs,  off-equipment  maintenance  costs,  Inventory 
entry  and  supply  management  cost,  support  equipment  cost,  cost  of  manage¬ 
ment  and  technical  data,  facilities  cost,  fuel  consumption  cost,  and  cost 
of  spare  engines. 

Primary  Users  of  LSC:  The  primary  users  of  the  LSC  model  are 
logisticians  assigned  to  the  Integrated  Logistics  Support  Organization  which 
Is  established  at  each  program  or  projects  office  at  the  AFSC  Product  Divi¬ 
sion.  They  supply  necessary  program-related  data  and  government  standards 
to  contractors  and  advise  which  data  elements  must  be  furnished  by  contrac¬ 
tors.  Thus  aerospace  contractors  are  also  a  primary  user  of  LSC.  The 
Deputy  Program  Manager  for  Logistics  should  furnish  the  basic  model  computer 
program  to  contractors  to  Insure  a  common  base  for  cost  estimation.  Each 
competing  contractor  develops  his  "best  estimate"  of  logistics  support  costs 
and  his  input  parameters  for  equipment,  such  as  MTBF.  These  estimates  serve 
as  one  of  several  source  selection  criteria  with  respect  to  each  bidder's 


equipment.  The  contractor's  "best  estimate"  date  during  the  conceptual 
phase  of  the  acquisition  process  may  be  Included  In  the  Decision  Coordi¬ 
nating  Paper  (DCP)  submitted  to  DSARC  for  program  approval  to  proceed  Into 
the  validation  phase.  In  the  validation  phase  prototypes,  mock-ups,  and 
other  system  hardware  may  be  used  to  revise  the  original  estimates  of  O&S 
logistic  support  costs. 

LSC  Model  Data  Elements; 

The  LSC  elements  may  be  categorized  as  follows: 

1.  Program  elements,  furnished  by  the  Government,  are 
obtained  from  the  scenario  of  the  operational  concept 
of  the  system  (10  elements  In  the  basic  model). 

2.  Contractor-furnished  elements  are  based  on  the 
contractor's  design  experience.  While  not  allocated  to 
Flight  Line  Unit  (FLU),  they  contribute  to  overall  system- 
level  cost.  (3^*  elements).  FLU  Is  a  new  term  that  Is 
used  for  consistency  with  VAMOSC. 

3.  Contractor  furnished  FLU  elements,  based  on  characteristics 
of  the  design  configuration,  may  have  evolved  from  com¬ 
parison  and  projection  of  operational  experience  on  existing 
systems  obtained  from  AFM  66-1  data.  (23  elements). 

*4.  Propulsion  system  elements  are  supplied  for  weapon  systems 
with  propulsion  systems.  The  Government  furnishes  elements 
dealing  with  base/depot  repair  cycle  time,  resupply  and  build¬ 
up  time,  and  fuel  costs.  The  contractor  supplies  those  elements 
related  to  engine  unit  costs  and  performance. ( 1 3  elements). 

5.  Government- furnished  standard  elements  Include  labor  rates, 
inventory  costs,  plus  other  cost  and  ttme  standard  elements 
(25  elements) . 

These  five  levels  of  data  are  Input  Into  a  data  file  which  Is  linked 
to  the  model  program  during  execution. 
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LSC  Model  Output: 


The  outputs  of  the  LSC  model  are  displayed  In  several  forms: 

1.  The  total  weapon  system  logistic  support  cost  Is  broken  out 
among  the  10  equations. 

2.  All  systems  (or  subsystems)  are  ranked  In  decreasing  order 
of  total  cost.  System  Identification,  Its  total  cost,  and 
the  percentage  of  total  cost  are  given. 

3.  Total  cost  for  a  specific  system  is  broken  out  among  the 
ten  equations. 

4.  A  specified  number  of  FLUs  are  ranked  by  cost  for  a  specified 
system.  The  FLU  Identification,  its  total  cost,  and  per¬ 
centage  of  system  cost  are  given. 

5.  Total  cost  for  a  specified  FLU  Is  broken  out  among  the  first 
seven  equations. 

6.  A  detailed  SE  analysis  is  given,  in  which  each  tine  of  SE  in  a 
system  is  listed  with  computed  fractional  quantities  required 
(base  and  depot)  and  Integerized  total  requirements. 

7.  A  detailed  maintenance  generations  analysis  Is  given  showing 
the  peak  and  total  FLU  maintenance  generations  for  both  on 
and  off-equJpment. 

8.  A  FLU  work  unit  code  and  noun-descrlpt I  on  cross-reference  Is 
provided. 

REDUCE  MODEL 

The  REDUCE  model  is  a  tool  to  evaluate  Air  Force-wide  economic 
implication  of  proposed  new  and  retrofit  equipment.  The  REDUCE  model 
computes  the  LCC  implications  of: 

I.  A  retrofit  program  In  which  new  equipment  with 

different  R&M  character  I st Ics  will  replace  presently 
installed  equipment  on  all  or  selected  Air  Force 
Inventory  aircraft. 
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2.  Alternative  new  equipment  proposals  providing  different 
equipment  designs  for  performing  additional  functions  on 
existing  aircraft  or  specific  functions  on  new  aircraft. 

3.  Changes  In  operating  and  maintenance  policies. 

When  comparing  new  equipment  designs,  the  model  considers  estimates 
of  RDT&E  acquisltlon/lnstal let  Ion,  and  maintenance  costs.  In  a  retrofit 
program,  the  model  compares  the  LCC  of  new  equipment  with  the  support 
costs  of  the  equipment  It  would  replace.  Trade-offs  between  a  money 
investment  In  RDTiE  to  Improve  an  Item's  R&M  characteristics  and  consequent 
savings  in  maintenance  costs  over  the  Item's  operating  lifetime  may  be 
readily  explored  using  the  model.  The  REDUCE  model  requires  Input  data 
and  is  most  effectively  used  when  a  new  piece  of  equipment  Is  being 
considered  for  use  on  several  aircraft  over  a  long  period  of  time. 
Specifically,  the  model  Is  Ideally  suited  to  evaluate  the  potential  value 
of  the  standardization  of  new  and  low  maintenance  cost  subsystems  through¬ 
out  the  Air  Force. 

Users  of  REDUCE:  The  principal  users  contemplated  during  the  model's 
development  were  analysts  engaged  In  development  planning  within  the 
Aeronautical  Systems  Division  (ASD) ,  although  use  by  analysts  from  other 
divisions  and  commands  Including  logisticians  from  AFLC  were  considered. 

The  model  was  designed  to  be  used  during  the  conceptual  and  validation 
phases  to  estimate  development,  production,  and  O&S  phase  durations,  costs 
and  economic  considerations. 

REDUCE  Simulation  Models:  The  REDUCE  model  Is  composed  of  five 
simulation  models  and  a  data  base: 

I.  The  data  base  describes  the  scope  of  future  operations, 
equipment  configurations  of  each  aircraft  series,  and 
RSM  and  cost  factors  of  equipment  Items  currently 
Installed  on  these  aircraft'.  Data  In  the  base  are 
changed  through  Input  to  the  IN  IT  and  SETUP  modules. 
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2.  The  INIT  module  establishes  a  data  base  In  a  computer-storage 
compatible  format  Initially  and  updates  the  established  data 
base.  INIT  Inputs  are  stored  In  permanent  flies  (subject  to 
update)  from  which  some  data  will  be  used  In  every  model  run. 
This  data  contains  R&M  parameter  values  on  U.S.  Air  Force 
equipment  In  the  field  as  obtained  from  AFM  66-1,  Maintenance 
Data  Collection  System.  These  values  Include  MBTF,  Mean-time 
Between  Maintenance  Actions  (MTBMA) ,  cost  (labor  and  material) 
per  failure,  cost  per  maintenance  action,  aircraft  aborts  per 
FH,  and  on-equipment  maintenance  man-hours  per  failure.  These 
values  are  permanent  for  all  equipment  Items  and  aircraft 
series  and  are  ordered  within  three  cross-referenced  headings: 
the  specific  equipment  Item;  the  function  the  Item  performs; 
and  the  aircraft  on  which  the  Item  Is  placed.  This  ordering 
allows  a  convenient  outputting  of  a  data  listing  In  the  data 
base. 

3.  The  SETUP  Module  transforms  Input  on  proposed  new  equipment 
items  into  computer  records  which  can  be  operated  on  by 
other  modules.  There  Is  one  set  of  data  Inputs  for  each 
run  of  the  cost  modules.  The  bulk  of  the  SETUP  Inputs  per¬ 
tain  to  the  R&M  parameters  of  new  equipment.  It  is  assumed 
that  the  user  can  furnish  estimates  of  these  R&M  parameters. 

A.  The  ACOUT  Module  produces  output  formats  with  Information 
needed  to  make  decisions  concern  in;  Item  replacements . 
Specifically,  the  module  processes  the  data  checked  by  the 
INIT  Module  and  provides  the  listing  of  data  by  Item  name, 
function,  or  aircraft  name.  These  listings  permit  the  user 
to  determine  what  Is  In  the  data  base,  helps  the  user  decide 
what  existing  I  terns  a  new  Item  Is  qualified  to  replace,  and 
aids  the  user  In  estimating  R&M  parameter  values  for  a  new 
item  by  comparison  with  existing  values. 

5.  The  RETROFIT  model  evaluates  the  LCC  effects  of  proposed 
retrofit  programs.  RDT&E,  acquisition/installation,  and 
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operating  and  maintenance  costs  are  estimated  for  each  new 
item.  The  duration  of  each  phase  Is  estimated  and  Its  cost 
allocated  by  fiscal  year.  A  MTBF  Sensitivity  Analysis  is 
conducted  for  new  items  about  the  target  MTBF  at  values  of 
90^  and  1 00%  of  the  target  MTBF.  Determination  is  made  of 
a  complete  set  of  cost  outputs  for  each  MTBF.  The  expected 
differences  In  operating  experience  between  a  new  and  the 
old  item  are  calculated  based  on  Input  data  concerning  the 
old  item:  aircraft  aborts  per  FH,  equipment  aborts  per  FH , 
and  on-equipment  failure  man-hours  per  failure.  Also 
calculated  are  0&S  savings  per  FM  and  annual  0&S  savings 
per  aircraft  due  to  a  new  Item's  use. 

6.  The  NEW  vs.  NEW  module  Is  also  a  costing  module  which 
compares  two  new  Items  on  a  pair-wise  basis.  It  handles 
the  cost  estimation  similarly  to  the  RETROFIT  Module. 

Whereas  the  RETROFIT  Module  determines  development  and 
acquisition  costs  for  Just  one  new  Item,  the  NEW  vs.  NEW 
module  executes  a  new  ttem  program  schedule  for  each  new 
item.  Similarly,  rather  than  outputting  a  "savings"  between 
old  and  new,  the  model  outputs  the  difference  In  LCC  between 
new  items. 

Historical  Data  Used  by  REDUCE:  As  In  the  LSC  model,  the  REDUCE 
Model  uses  historical  data  In  estimating  R&M  parameter  values  for  new 
equipment  by  adapting  the  parameter  values  of  an  existing  similar  equipment 
design  to  obtain  a  first  order  estimate,  where  the  data  are  available. 

There  are  several  data  sources  from  which  data  Is  obtained  for  the  REDUCE 
model.  In  general,  they  provide  excellent  sources  for  work  with  any  LCC 
model . 

I.  Force  structure  data  can  be  obtained  from  USAF  planning 

documents  containing  official  USAF  programmed  and  objective 
force  structures  for  future  years.  Data  for  new  aircraft 
may  be  derived  from  ASD  studies  on  a  new  aircraft. 
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2.  The  primary  source  of  a  I rcreft- I  ten  data  for  existing  pro¬ 
gramed  force  elements  can  be  found  In  AFM  66-1. 

3.  Established  REDUCE  model  data  bases  containing  data  on 
existing  equipment  Items  which  are  similar  In  design  to  a 
new  Item  being  considered  may  be  used. 

4.  Armed  Forces  reports  documenting  cost  analyses  are  available. 

5.  Studies  may  be  used  on  the  relationship  between  testing  and 
associated  product  Improvement  efforts  Included  In  a  new 
item's  RDTsE  program  and  one  Item's  MT8F. 

6.  Estimates  furnished  by  contractors  who  are  proposing  a  new 
Item  for  consideration,  or  estimates  (engineering  and  cost 
analyses)  on  a  specific  new  Item  performed  bv  AFSC  personnel 
may  be  used. 

MODEL  INPUT  DATA  AND  COSTING  COMPARISONS 

In  order  to  more  fully  understand  the  differing  data  requirements  of 
similar  LCC  models,  a  comparison  of  three  accounting  models  (LSC ,  OsS , 

SOCl  and  one  cost  factor  model  (CACE)  Is  made  In  Tables  8  and  9. 

The  AFLC  LSC  model  has  been  previously  discussed.  The  AFLC  OSS  cost 
model  also  estimates  support  cost  as  a  function  of  logistics  parameters. 
However,  the  LSC  model  breaks  down  cost  to  the  FLU  level  for  support  equip¬ 
ment  whereas  the  O&S  cost  model  does  not.  The  C ;S  cost  model  was  used  for 
full  scale  development  source  selection  on  the  A-IQ  program. 

The  System  Ownership  Cost  (SOC)  model  is  a  series  of  weapon  system 
dependent  cost  equations  which  can  provide  a  SOC  estimate  to  the  subsystem 
level.  The  equations  were  derived  partially  by  modifying  existing  model 
equations  and  partially  by  generating  entirely  new  equations.  In  particular, 
AFNRL  work  on  the  Digital  Avionics  Information  System  Life  Cycle  Cost 
Study  and  the  existing  AFLC  LSC  Model  User's  Handbook  were  Incorporated. 

Table  8  shows  the  costing  equations  Included  In  the  LSC,  OsS,  SOC, 
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and  CACE  models.  As  would  be  expected  the  SOC  model  developed  by  AFHRL 
is  heavily  oriented  to  human  resource  factors  and  Is  more  narrow  In 
scope  than  the  others.  The  SOC  and  LSC  model  equations  are  very  similar, 
however,  with  both  addressing  factors  In  much  less  scope  and  detail  than 
the  0&S  and  CACE  models.  The  06S  model  Is  similar  to  the  CACE  model,  but 
as  expected  the  CACE  model  provides  for  macro  costing  In  the  broadest 
scope. 

Table  9  compares  the  data  elements  contained  In  three  cost  equations 
common  to  all  four  models  (LSC,  O&S ,  SOC  and  CACE).  These  three  cost 
equations  are  Personnel  Training  Costs,  Cost  of  Spares,  and  Cost  of  Fuel 
Consumption.  The  "data  elements"  columns  list  the  various  data  elements 
included  in  each  equation.  Each  equation  Is  underl 1 ned  and  aata  elements 
appear  below  it.  The  matrtx  shows  for  each  model  (by  equation)  the  data 
elements  that  are  included.  Where  data  elements  are  common  but  differences 
in  form  and/or  content  exist,  a  notation  Is  provided.  A  similar  compari¬ 
son  could  be  made  for  each  of  the  equations  In  all  four  LCC  models. 

It  is  obvious  fron  Tables  8  and  9  that  there  Is  close  similarity 
between  the  LSC  and  SOC  models.  This  fact  was  pointed  out  by  Goclowski 
(1979)  in  developing  the  SOC  model.  It  must  be  determined  whether  or  not 
a  separate  cost  model  Is  needed  for  the  UDB  of  human  resources  Information. 
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ABBREVIATIONS 


ADCOM 

- 

Air 

Defense  Command 

AOP 

- 

Automated 

Data  Processing 

ADPS 

- 

Advanced  Personnel  Date  System 

AFAFC 

- 

Air 

Force 

Accounting  and  Finance 

AFAL 

- 

Air 

Force 

Avionics  Laboratory 

AFALD 

- 

A!  r 

Force  Acquisition  Logistics  Division 

AFAPL 

- 

Air 

Force  Aerospace  Propulsion  Laboratory 

AFCS 

- 

Air 

Force 

Communication  Service 

AFFOL 

- 

Air 

Force 

Flight  Dynamics  Laboratory 

AFG 

- 

Air 

Force 

Gu  1  de 

AFHRL 

- 

Air 

Force 

Human  Resources  Laboratory 

AFLC 

- 

Air 

Force 

Logistics  Command 

AFM 

- 

Air 

Force 

Manual 

AFR 

- 

Air 

Force 

Regulation 

AFRES 

- 

Air 

Force 

Reserve 

AFSC 

- 

Air 

Force 

Systems  Command 

AFTEC 

- 

Air 

Force 

Test  &  Evaluation  Center 

AFTO 

- 

Air 

Force 

Technical  Order 

AGE 

- 

Aerospace 

Ground  Equipment  (now  called  Support  Equipment) 

AGMC 

- 

Aerospace 

Guidance  (Systems)  Maintenance  Center 

ALC 

- 

Al  r 

Logistics  Center 

AMC 

- 

Army  Material  Command 

AMMIS 

- 

Aerospace  Maintenance  Manpower  Information  Service 

ANG 

- 

Al  r 

National  Guard 
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ASIP 

ASD 

ATC 

ATE 

AUTODIN 

AVISURS 

AVGAS 

CAB 

CACE 

CAMMIS 

CAMMS 

CDB 

CDEP 

CDTS 

CEM 

CER 

CHRT 

COCESS 

COPARS 

CREATE 

DARCOM 


Aircraft  Structural  Intagrlty  Program 

Aeronautical  Systems  Division 

Air  Training  Command 

Automatic  Test  Equipment 

Automatic  Data  Transmission  System 

(AUTODIN  ■  Data  Transmission  AUTOVON  ■  Voice  Transmission) 

Aerospace  Vehicle  Inventory,  Status  and  Utilization 
Reporting  System 

Avlat  ton  Gasol Ine 

Civil  Aeronautics  Board 

Cost  Analysis,  Cost  Estimating 

Command  Aircraft  Maintenance  Manpower  Information  System 

Command  Maintenance  Manpower  System 

Consolidated  Data  Base 

Common  Data  Extraction  Program 

Computer  Directed  Training  System 

Communications,  Electronics,  Meteorological 

Cost  Estimating  Relationship 

Coordinated  Human  Resource  Technology 

Contractor-Operated  Clvtl  Engineer  Supply  Stores 

Contractor-Operated  Parts  Stores 

Time  Sharing  Computer  Program  to  Support  Engineering, 

Logistics  S  Students 

U.S.  Army  Material  Development  6  Readiness  Command 
Data  Item  Description 
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DID 


DOD 


DSARC 


How  Mai 


1.0.  No. 


Department  of  Defense 

Design  Option  Decision  Tree 

Defense  Systems  Acquisition  Review  Council 

Data  System  Designator 

End  Article  Designator 

E 1  act  ronlcs/Commun I  cat  Ion 

Elapsed  Maintenance  Time 

Exception  Time  Account i ng (System) 

Flying  Hour 
FI i ght  Line  Unit 
Fully  Mission  Capable 
Federal  Stock  Code 


Five  Year  Defense 


Government  Furnished  Material 


Ground  Processing  Segment 
How  Mai  functioned 


Human  Resources  Data 


Human  Resources  in  Design  Trade-off 
Intercontinental  Ballistic  Missile 


Identification  Number 


Integrated  Logistics  Data  Flies 
Integrated  Logistics  Support 
I nventory 

Independent  Research  &  Development 
Instructional  System  Development 


JCN 

Job  Control  Number 

JETD 

- 

Joint  Electronics  Type  Designator 

JGD 

- 

Job  Guide  Development 

LCC 

- 

Life  Cycle  Cost 

LOOM 

- 

Logistics  Composite  Mode) 

LRU 

- 

Line  Replacement  Unit 

LSA 

- 

Logistic  Support  Analysis 

LSAR 

- 

Logistic  Support  Analysis  Record 

LSC 

- 

Logistic  Support  Cost 

LTF 

- 

Lead  the  Force 

M 

- 

Malntalnabl 1 Ity 

MAC 

- 

Military  Airlift  Command 

MADARS 

- 

Maintenance  Data  Analysis  and  Recording  System 

MAJCOM 

- 

Major  Command 

MCS 

- 

Maintenance  Cost  System 

MOCS 

- 

Maintenance  Data  Collection  System 

MDS 

- 

Mission  Design  Series 

MESL 

- 

Mission  Essential  Subsystem  List 

MFG 

- 

Manufacturer 

Ml  CAP 

- 

Mission  Capabtl Ity 

Ml  ICS 

- 

Master  Item  Identification  Control  System 

Ml  LAP 

- 

Maintenance  Information  Logically  Analyzed  S  Presented 

MIL-STD 

- 

Military  Standard 

MIP 

. 

Material  Improvement  Projects 
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MMH 

- 

Maintenance  Manhours 

MMH/FH 

- 

Maintenance  Manhours  Per  Flight  Hour 

MM  ICS 

- 

Maintenance  Management  Information  Control  System 

MMM 

- 

Maintenance  Manpower  Modeling 

MOD 

- 

Mod  I f Icat Ion 

MTBF 

- 

Mean  Time  Between  Failures 

MTBMA 

- 

Mean  Time  Between  Maintenance  Actions 

NAMP 

- 

Naval  Aviation  Maintenance  Program 

NMC 

- 

Not  Mission  Capable 

NRTS 

- 

Not  Repairable  This  Station 

NSN 

National  Stock  Number 

OCALC 

- 

Oklahoma  City  Air  Logistics  Center 

OFP 

- 

Operational  Flight  Program 

OMB 

- 

Office  of  Management  and  Budget 

OOALC 

- 

Ogden  Air  Logistics  Center 

OPR 

- 

Office  of  Primary  Responsibility 

O&S 

- 

Operations  &  Support 

OSCR 

- 

Operations  6  Support  Cost  Report 

PATTERN 

Planning  Assistance  Through  Technical  Evaluation  of 

Relevance  Numbers 

PCN 

- 

Product  Control  Number 

PEC 

- 

Program  Element  Code 

PER 

- 

Parametric  Estimating  Relationships 

PLSS 

- 

Precision  Location  and  Strike  System 

PMC 

- 

Partial  Mission  Capable 
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PNE 


POL 

POMO 

PROFILE 

QUEST 

R 

R&D 

RCS 

REDUCE 

RFP 

RIW 

R&M 

SAALC 

SAMSO 

SBSS 

SDC 

SE 

SEDS 

Seq.  No. 

SMALC 

SOC 

SPO 

SRAM 

SRD 

SRU 


Precision  Measuring  Equipment 

Petroleum,  Oil  end  Lubricant 

Production  Oriented  Maintenance  Organization 

Programmed  Functional  Indlcas  for  Laboratory  Evaluation 

Quantitative  Utility  Estimates  for  Science  and  Technology 

Rel labi I Ity 

Research  and  Development 
Reports  Control  Symbol 

Research  Into  the  Economics  of  Design  and  User 

Request  for  Proposal 

Reliability  Improvement  Warranty 

Reliability  and  Maintainability 

San  Antonio  Air  Logistics  Center 

Space  and  Missile  Systems  Office 

Standard  Base  Supply  System 

Sample  Data  Collection 

Support  Equipment 

Systems  Effectiveness  Data  System 

Sequence  Number 

Sacramento  Air  Logistics  Center 
System  Ownership  Costing 
Systems  Program  Office 
Short  Range  Attack  Missile 
Standard  Reporting  Designator 
Shop  Replaceable  Unit 


TAC 

Tactical  Air  Command 

TAMMS 

- 

The  Army  Maintenance  Management  System 

TM 

- 

Technical  Manual 

T/M/S 

- 

Type/Model /Series 

T.  0. 

- 

Technical  Order 

TCTO 

- 

Time  Compliance  Technical  Order 

TRAM  IS 

- 

Technical  Training  Management  Information  System 

TRI-TAC 

- 

Terminal  Radio  Set,  TRC-170 

TSS 

- 

Total  Support  System 

UDB 

- 

Unified  Data  Base 

USAF 

- 

United  States  Air  Force 

USAFSS 

- 

United  States  Air  Force  Security  Service 

VAMOSC 

- 

Visibility  S  Management  of  Operating  &  Support  Costs 

WBS 

- 

Workload  Breakdown  Structure 

Wh  DIs 

- 

When  Discovered 

wuc 

- 

Work  Unit  Code 

Yr 

- 

Year 
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